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L Some Remarks on the reduction of Barometric Readings, toiih a form of 
Table for combining the corrections for Index Error, Temperature, and 
Altitude. By "William Mabbiott, Assistant Secretary. 

[Beceived October 18th. Bead November 17th, 1875.] 

Etebt observed reading of the Barometer, to _be of any scientific value, 
requires to be corrected for indpx ^rror, temperature, and height above the 
mean sea^l^vel. The correction for index error is obtained by comparing 
the Barometer with a recognised standard instrument, e.g, the Eew Standard ; 
while that for temperature an^ that for height aT)ovo sea level are given in most 
meteorological works with tables. There is not much difficulty in applying 
the first two; but it is a very .troublesome thing to make the proper cor- 
rections for altitude if the station be more than 100 feet above sea leveL 

In examining some returns that have been sent to the Society, I have come 
across some very extraordinary mistakes which have been made, even by 
good observers, in reducing their barometer readings, as will be seen by the 
following statements : — 

One applied a constant correction of the height of his barometer in feet 

above sea level. 

A second took out the corrections from the altitude table, using the readings 
of the attached thermometer for the ** temperature of the air.'* 

A third adopted the reading of a thermometer in the room where the baro- 
meter was situated for the ** temperature of the air." 

A fourth took out the corrections for 80 inches only, and made no allow- 
ance for variation in pressure. 

A fifth gave his height above sea level incorrectly, consequently all his 
reduced readings were wrong. 

The explanation accompanying the Tables of corrections for altitude, as 

MBW SSBIES.— VOL. lU. A 
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given Iq the* different works on Meteorology, Is by no meuiB satisfactoTy. It 
is ehippl^Btated that the coireetions are for preeanreB at the lower station ; 
,^hfr'iib hint is given b» to how the corrections for the npper, or observer's, 
'"sbuon are to be obtained, 

'."•* Then, again, the Tables are only given for two pressures, viz.: — 80 inches 
Knd 27 inches; conseqnentlj one has to go tbrongb some calcolatdons before 
be can get the correction for aoy intennediate reading. For my own part, 
I cannot see why 27 inches sbonld have been adopted, for one never heara 
of readings so low as 27 inches at the tea level. A Table at 29 inches would 
be infinitely better, and the corrections for lower pressnres eonld be obttuned 
qoite as easily as at present, if not more so. 

When examining the retoius sent in to the Society, I generally nse a 
TaI^ ^vii>g the corrections for altitude for every tenth of an inch pressore 
from 2S-7 in. to 80-6 in., and each 10° of temperatnre from 20° to 80°. 

Table I. is a specimen of the form need for Crowborongh Beacon, 828 feet 
above sea level.* 

Table toi Bedndng Obsenationi dI the 

BABOMETEB TO SEA LEVEL. 
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*Tbe valnee In this and the snooeediug Table are taken bom ' Instraoiions ii 
ue of Meteorologioal InBtnuneuts,' bf Bobbbt H. Soott, F.B.S,, London, 1676, 
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The chief feature in this Table is, that while the sea level pressure is given 
in the column on the left hand, the reading of the barometer at the station, 
corresponding to that pressure, is given in the column on the right hand. 

The application of these several corrections, however, takes a long time, 
besides the labour being very great. What is required is, to have a Table 
combining all three corrections, so that the barometer reading can be reduced 
at once. Such a form of Table, which has been devised by the Bev. F. W. 
Stow, M.A., (who has kindly placed it at my disposal,) can be used for all 
ordinary pressures and temperatures. 

It will be seen in the preceding Table that a change of 0*6 inch in the 
pressure of the nar produces the same amount of variation in the correction 
for altitude as is produced by an alteration of 10^ in the temperature of the air. 
For instance, the correction for altitude, when the pressure is at 29*8 in., 
and the temperature of the air 70^, is the same as that when the pressure is 
29*2 in., and the temperature 60^. By taking a mean height of the' baro- 
meter, we can combine the correction for temperature with that for altitude; 
and when the index error is the same throughout the scale, (as in Fortin's 
barometer,) it can also be included. 

Some might possibly take exception to the adoption of a mean height of 
the barometer, as a possible means of producing a large error. But it will- 
be seen by reference to the Table for the correction for temperature, that at 
1&* the difference between the correction for 80*5 in. and for 29*0 in. is 
•006 in.; consequently the error is only *008 inch, which is scarcely appre- 
ciable, and quite within an allowable limit. 

Table n. (page 4) is a copy of the form used for Calcethorpe, Louth, 
882 feet above sea level. (The correction for index error is + *020 inch.) 

To use the Table. — ^Look in the column on the right or left, in the upper 
portion of the Table, for the reading of the barometer at the station, and 
carry the eye horizontally to the temperature of the air, {ue, dry bulb read- 
ing,) and then vertically downwards, and through the corresponding column 
in the second half of the Table, until the value horizontally opposite the 
temperature of the attached thermometer is the required correction. 
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DISCUSSION. 

Mr. Brioos said he could bear testimony to the accuracy of the Table. 
Mr. Marriott ha4 sent him a copy of that for Calcethorpe Manor, which he had 
nsed and foond most time-saving. He had worked out his barometer readings 
with this Table, and also with the three separate corrections, and fomid the 
difference only *00l in. or -002 in. 

Mr. Symons said he could confirm the remarks of Mr. Briggs on the accuracy 
of the Table. Mr. Marriott had a happy knack of finding short cuts, and pre- 
venting a great deal of unnecessary trouble. It was only last year that he 
brought forward his Dew Point Table, which effected a saving of 30 per cent, of 
time as compared with other Tables, and now he has brought forward this Table, 
which he (Mr. Symons) was sure would be the means of saving 60, if not 70, per 
cent, of the time employed in using the other Tables. In this all the three pro- 
cesses are thrown into one ; consequently the liability to error is greatly reduced. 
He thought that the Society was greatly indebted to Mr. Marriott for the labour 
and care he had bestowed upon the Returns sent in to the Society, of which the 
present Table was a result. There was one thing which Mr. Marriott had not 
alluded to, viz. that the amount of work in making the Table was veiy great. 

Mr. C. Habdinq said that no such Table had been used at the Land Stations 
of the Meteorological Office : but for sea observations, where the height of the 
barometer is only 10 or 20 feet above sea level, a similar table had been used 
including also the index error of the barometer. This could easily be done, as a 
constant correction for altitude could be used, and generally the air temperature 
on board ship varied but little, 60^ being adopted for the formation of the Table. 

Mr. Mabbiott said that he had used these Tables now for some months, and 
found that they had been the means of saving much time and labour, besides 
greatly reducing the liability to error. He had firequently compared the results 
obtained by this Table, and by the three separate processes, and found that they 
always agreed to the amount stated in the Paper. He was constantly receiving 
letters firom observers, asking how their readings should be reduced ; he thought 
that this arose from the unsatisfactory explanation accompanying the Tables. 
He was of opinion that three-quarters of the observations already made were 
useless, because they were not properly corrected. He wished that some one 
could induce the observers to correct their readings in a proper manner. His 
object in bringing the Paper before the Society was, that the observing Fellows 
might have the benefit of his experience. 



H. On a Continuous Self-registering Thermometer, By W. Habbison Cbipps. 
(Communicated by R. H. Soott, F.R.B.) 

[Received October 20th. Read November 17th, 1876.] 

The Thermometer shown to the Society is similar in principle to one ex- 
hibited at the Royal Society in April last The detail of the instrument has, 
however, been somewhat modified. 

The object of the instrument is to obtain a continuous registration of heat 
with a Thermometer that shall not be liable to error by oxidation or evapo- 
ration of the mercury or spirit. 

The instrument consists of two portions:— 1st, the Thermometer for indi- 
cating the temperature. 2nd, the Clock-work for registering the hours and 
minutes. 

The Thermometer consists of six coils of glass tubing, the first five coils 
being wound concentrically round an axis, each coil lying within the other in 
such a manner as to form a spiral glass wheel 4 inches in diameter. The 
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sixth and last coil is moved sli^Uy away from the others, so that it shall form 
the circnmferenee of a circle five inches in diameter, the centre of this circle 
heing the axis around which the spiral tube is coiled. ^ 

To each end of the axis a fine needle-pointed pivot is attached. These 
pivots rest on minute depressions between two parallel metal uprights. 

It will be seen from this arrangement that the glass wheel can rotate freely 
between the uprights; and the pivots will be the centre of a circle, the cir- 
cumference of which is formed by the last coil of the glass wheel. 

The coils of tubing forming' the glass wheel are filled with spirit at 60° 
Fahr. The quantity of spirit is . such that it fills the spiral portion of the 
tubing, and also 8 or 4 inches of the last coil (or the one forming the circle). 
Mercury is then passed into the tube till it comes into contact with the spirit, 
and in such quantity as to fill up about 4 inches of the remaining portion of 
the tube. The spirit is then heated, and on expanding forces the column of 
mercury in front of it When the mercury is within two inches of the ter- 
mination of the circle, the tube is hermetically sealed, enclosing a small 
quantity of air. '^ 

If the Thermometer be now arranged with its needle points between the 
uprights, it will be observed that as the spirit contracts on cooling, the ex- 
pansion of the included air keeps the column of mercury in contact with it. 
This immediately alters the centre of gravity, and the wheel begins to revolve 
in a direction opposite to that of the receding mercury. On applying he^t, 
the mercury passes forward, and the wheel regains its original position. By 
this arrangement the two forces, heat and gravity, acting in contrary direc- 
tions, generate a steady rotary motion. 

The method by which this movement is made serviceable is the following : 
A grooved wheel two inches in diameter is fixed to one of the pivots, and 
therefore revolving with the Thermometer. Fixed to and passing over this 
wheel is a fine thread, from which is suspended a tiny pencil holder, moving 
up and down on a vertical slide. The pencil will be raised or lowered ac- 
cording to the direction in which the wheel is moving. Th 3 other portions of 
the clock-work are arranged in a manner siinilar to that employed in the 
Barograph. 

In the present instrument a cylinder 4^ inches, both in width and diameter, 
is made to revolve once .in seven days. Around this cylinder is placed a 
paper, on which the days and hours are indicated by vertical lines. The 
cylinder is so placed that the surface df the paper b loth of an inch away 
from the pencil point, moving at right angles to its surface. A small striker 
is connected with the clock-work in such a manner that at every quarter of 
an hour it gives the pencil a gentle tap, thus striking its point against the 
paper. By this means all friction of the moving pencil against the paper 
is avoided, and the record marked by a series of dots. 

The scale for reading off the register is prepared by observing the extent 
to which the pencil rises for every 10°, as indicated by a standard thermo- 
meter. In this particular instrument it is found, that for every 10° the 
pencil is raised i of an inch ; this gives Ifiia for each degree, and the index 
is accordingly divided to this scale. 
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No opportunity has occurred of noting the rise of the pencil ahove 76° or 
below 45°, but within this range there is no appreciable difference in the 
relative rise for each 10°. That is to say, that for each of the three periods 
between 46° and 66°, between 66° and 66°, and between 66° and 76° the 
rise is ) of an inch in each case. Possibly, in wider ranges of temperatare, 
^either from ineqaahty in the glass, or the nneqoal expansion of spirit, the 
rise or HeiII would not be exactly } of an inch for each 10°. 

But such variation would be immaterial, for the error could be accurately 
determined by comparison with a Standard Thermometer, and could be 
marked on the moveable scale supplied with the instrument for reading the 
register. 



DISCUSSION. 

Mr, Cripps said that he had not used the instrument in the open ur, but had 
no doubt that it would work satisfactorily out of doors if the thermometer were 
placed on the outside of the case. He oad found that the record was about a 
' quarter of an hour slow ; this, he believed, was due to the quantity of spirit em- 
ployed, which rendered the instrument rather sluggish. 

Capt. Toynbee said that the instrument only recorded every quarter of an 
hour ; he thought that, for use in Meteorology, it should record at least every 
minute, as great changes of temperature frequently occur in very short spaces of 
time. He understood from Mr. Cripps that this chance could be made in it. 
' If the instrument could be made to work continuously, it would be a great 
advantage. 

Mr. Scott remarked that there would probably be some difficulty in obtaining 
a continuous record of the temperature, for the mction of the pencil against the 
drum would interfere with the sensitiveness of the instrumental arrangements. 

Mr. Whipple asked how nearly the instrument will come back to the same 
place after a change of temperature ? 

Mr. Gaster asked what the probable cost of the instrument would be ? 

Mr. Stmons said that it appeared to be a beautifully made and very pretty 
instrument ; but he thought the best place for it at present would be m the 
drawing-room, for it was not suitable tor outdoor use. He would like to know 
how it would work when exposed to London blacks. What is required is to 
have a cheap and reliable thermograph, for meteorologists, as a rule, are not 
very rich. There was also a disadvantage in using a spirit thermometer, viz. the 
disengagement of air, which would break up the column ; but in this particular 
instrument it might possibly only cause a change of zero point, and therefore be 
easily overcome. 

Mr. Casella said they were not only indebted to Mr. Cripps for the invention 
of this instrument, but to his great perseverance, also, in carrying it out. At 
first he (Mr. Casella) was unwilling to undertake its construction, for he found, 
as a rule, that carrying out inventions were not desirable undertakings ; but in this 
instance he could not resist. Doubts having been expressed as to the adaptation of 
the instrument for outdoor use, he might remind them that at Kew there were 
niuch more costly Thermographs so arranged as to have the bulbs of the Ther- 
mometers out of doors, and the indicating portion of the instrument within. This 
course, at least, could easily be adopted with the present instrument, though he 
believed it could be perfectly arranged so as to use the whole instrument out of 
doors ; and as to its portability, that also could be arranged with perfect safety 
and ease. The cost of the present instnunent was comparatively great, but he 
was glad to believe they could be so arranged as to be made at a very moderate 
price. 

Mr. Cripps siud that he had found the pencil mark had come back to the same 
place after a change of temperature. He had frequently found this the case at 60®. 
He had been informed by Sir. Casella that the probable cost of future instruments 
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would be about 16 or 18 ^ineas. With reference to the London blacks, he 
thought that the pivots might be occasionally cleaned, or protected by small 
metid shields. 



TIT- On a SeJf-retpdating Atnwmeter. By Samubl H. Milleb, F.B.A.S., 
F.M.S. 

[Beoeiyed November let. Bead November 17th, 1875.] 

Aftbb several years' experimenting with evaporatmg dishes of different 
forms nnder various conditions, I have arrived at the conclusion that none 
of the contrivances which have come under my own observation are entirely 
satisfactory. 

The ordinary open gauges are not only not precise in their indications, 
but are defective in many respects. The height of the water is variable. In 
dry seasons it may beccnne so low in the vessel as to be considerably 
sheltered from the passing currents of air; and in times of heavy rain there 
is the danger of overflow if the water be kept too near the rim of the gauge ; 
the outsplashing, too, may then considerably vitiate the results. 

Dr. von Lamont*s apparatus, as described in Professor Ebermayer's work 
on "The Physical Influences of Forests on the Air and Soil,'** appeared to me 
a yetj ^igenioas contrivance, yet more adapted for laboratory work than for 
expoBore in the open air. Besides, the exposed surface is somewhat screened 
on one side, and the whole arrangement b useless in frosty weather. 

An atmometer, to be really efficient, must be able to show the evaporation 
when the surface is frozen. I have found an appreciable quantity of 
vaporization from a surface of ice — as, for instance, in 24 hours, when the 
mean temperature of the air was below the freezing point, as much as 0*018 
inch was evaporated. Therefore an evaporator which cannot be exposed 
during the winter months will foil to do a complete year's work. 

Again, if the evaporation b estimated merely by measuring the residual 
water in the gauge with a graduated jar, difficulties must often present 
themselves in winter if frequent observations are to be made. Professor 
Osnaghi's atmometer indicates the evaporation by the loss in weight of a 
vessel containing waterf— and all things being considered, I conclude that 
weighing is the most accurate means of estimating evaporation from small 
vessels. 

An evaporating apparatus described in Symona's British Rainfall, 1870, 
page 178, as *' Miller's Sand Evaporator," has been used by me for several 
years, and has given results closely comparable with those from a large tank ; 
but-thb instrument requires close watching to prevent overflowing, unless 
sufficient space be allowed for the heaviest possible rainfall. 

* ** Die Fhysikalischen Einwirkongen des Waldes aof Loft und Boden." Aschaffen- 
burg, 1873. 

t Vide ** Instmctions in the use of Meteorological Instruments," by B. H. Scott, 
M^., FJ(.S. p. 63. London, 1876. 
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Jad^g from all that I can gather fcom the reports of Congnwea and from 
'Mr. Scott's " InatructionB " recently issiied, I find that a tmstworthy 
" atmometer ' '— snch an one as is especially enited for stationa of the " second 
order " — is still a great tUtideratum. It is certain that tanks like that Dfi^ 
for some time past at Strathfield Tnrgiss (for the past two years I have osed 
' a tank holding 600 gallons of water, and from which I take dail; records 
of evaporation), cannot be brought into general nse. If it were required to 
ascertain the rate of eraporation at difTerent elevations on a hill side, the tank 
wonld be qnite impracticable. The fact is, we want a handy, portable 
instniment. 

In devising the atmometer I am abont to describe, I have striven to avoid 
the defects foond in others and to supply that in which they are deficient, 
and at the same time have endeavonred to make it as simple in its action and 
nse as possible. The first consideration was, that the instrament shoold be 
snited to all seasons and to any amount of exposure without the risk of being 
deranged ; and the next, that as water is evaporated from the exposed 
snr&ce, more water should flow in to maintain a constant level, and that as 
rain falls it shonld be allowed to flow into a reservoir and be retained there. 



Fio I. 

Fig. I. — A is an open cylinder of eight inches diameter, Bormonnted bj a 
brass rain-gange rim, and receives the water from which the evtqioratioa 
t^es place. This vessel is saironnded by another cylinder of 15 inches 
diameter dosed at the top. This enter cylinder is divided into two com- 
partments, npper and lower, and marked B and C. These ran completely 
round the inner cylinder. Compartment B ie filled with -water throogh an 
aperture b, which is fitted with an air-tight screw cap. 

Compartment C is the receiver of the overflow rainfall, and is emptied 
through the pipe c, to which is fitted a screw cap similar to b. (By turning 
this screw back two or three threads a small hole is exposed throogh which the 
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air passes as the water flows in ; by this means the escape of vaponr from 
the lower compartment is reduced to a minimum.) 

At o is a smalt slide-valve which is closed when chamber B is filled with 
water, and opened when cap 6 has been screwed down and the instnunent 
is pnt into operation, d is another tUdt-valve, which is opened after the 
atmometer is set. 

o is the overflow pipe which ccmTeja the rain water from cylinder A. 
The aperture of valve d is lower than the termination of pipe o, and there- 
fore the overflow pipe cannot act as a ejphon from A to C. The aperture 
is below the constant snrface of the vrater in A, to prevent evaporation bom 
C. A is one of three hooks 'projeeHug from the side of A— those hooks are 
uds In levelling the instnunent. 

« is one <^ three screws for levelling. The screws and hooks are in the 
some radii. 

F is a cylinder fixed in the gronnd, and has three bearers for receiving the 
levelling screws. D is the gnard to prevent the approach of birds. 




Fig. n. gives a perspective view of the instrument as it appears when 
ready for use. 

In fixing this apparatus it seems best to place cylinder F in positbn, and it 
is convenient to ase the ground as a base (levelling the cylinder), «nd to 
bonk ap the earth around F. This being done, andtho valves a and d being 
dosed, chamber B is filled with water and cap b screwed down. Water 
is ponred into the open cylinder A up to the three hooks, the whole is care- 
fully weighed (a record being made of the weight), and then placed in the 
fixed cylinder. The levelling is effected by means' of the three screws, valve 
a is raised, and water flows ont (as indicated by the arrow) till it is level with 
the top of the aperture, and there it remains. 
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As evaporation takes place, more water flows from 6 to A, valve d is also 
raised. If rain falls, it must rise in A 0*2 inch before it flows over into C, i.e, 
the carve of the overflow pipe o is 0*2 inch above the top of the level of the 
orifice at a. If this arrangement, then, works satisfactorily, C should retain 
the measure of the rainfall (minus 0*2 inch) in any given time. 

The guard D is fixed after the valves are opened. 

It will be seen that the dimensions of this apparatus are of only secondary 
importance, but it may be advisable to make it deeper than the one I^ve 
constructed as an experiment. Insplashing appeared to present a difficulty, 
as it always has done ; and to obviate the danger of this I covered the top of 
the surrounding cylinder with perforated zinc. In order to test the efficacy 
of this, I used a large syringe to throw water upon it, and though I placed 
blotting paper in the open area I could detect very little, if any, spray. 

This covering helps to prevent the undue heating of the apparatus by the 
sun*s rays, and I may point out that the internal cylinder is kept cool 
through its being surrounded by the two compartments and the fixed 
cylinder banked with earth. 

But there is also the danger of outsplashing, and this is increased by 
the necessity of keeping the level of the water as near to the rim as 
possible. Now, to obviate this, I propose to use a screen of vnre-gaoze, 
which will allow air to pass through it, but when moistened forms a thin film 
which prevents the passage of water when the screen is placed in a vertical 
position. 

There is one point upon which I have not yet decided, viz. whether 
the gauze screen shall be a continuance of the eight-inch cylinder and 
surmounted by the brass rim, or whether it shall surround the rim. 

In the '* Report of the Proceedings of the Meteorological Cbngress at 
Vienna," pp. 54, 55, I find it is proposed to determine the evaporation by 
floating a small atmometer on a lake or pond, but no particular form of 
apparatus is recommended. I therefore propose to adapt the self-regulating 
atmometer to that purpose.* 

For floating on a large surface of water, I would make the atmometer much 
deeper than this first one, fit it with a deeper screen, put a metal sheath 
packed with felt over the exposed part, and swing it on ifimhah attached to a 
light wooden firame which would be raised above the level of the water, the 
whole to be carried by a large frame of wood of sufficient buoyancy. I think 

* Before I proceed farther, I wish to make a remark on the material of which 
evaporators are made. Zinc is mentioned in the Vienna Beport, already referred to, as 
being used for some evaporating vessels. Now I have found zinc the most onsoitable of 
metals for that purpose. Ko covering of paint or varnish will prevent oxidation of the 
metal when water is kept in the vessels for any length of time. This material swells, 
soon becomes perforated, and easily bursts during frost. But I have used many zino 
cylinders for fixing in the ground to hold rain gauges and evaporators. I often wonder 
that the opticians should send out their gauges without some means of fixing them. 
Why not adopt an open cylinder ? When once the fixed cylinder is levelled, the rain 
gauge or atmometer can be lifted out or replaced without trouble or the need of further 
levelling; nevertheless I test the level after frost. 
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the rain must be allowed to fall into the floating atmometer, otherwise, while 
it is sheltered from the rain, it would be sheltered from the sun's rays also. 
There would be other and minor details, which need not demand attention 
here. 

The readiest method of estimating the evaporation from the instrument I 
have described, is by weighing. For this purpose I use a delicately con- 
structed machine kept with weights in a box near the atmometer. Of course 
measuring by a graduated glass jar can be adopted if an observer decides to 
do so. In that case he would measure the water put into the upper 
compartment and the open vessel, and on making an observation, would 
measure the water left in all the compartments. But I think weighing will 
commend itself to every one as preferable to any other method. If the rain- 
fall since the last observation be ascertained, it takes only three or four 
minutes to determine the amount of evaporation. But to fiEtcilitate the woik 
1 constructed two Tables. 

Table I. gives weight of water, vtdth its equivalent depth in inches or 
decimals of an inch. * ^ T 

Table U. gives the depth in inches or decimals of an inch of water with its 
equivalent in weight. 

The Tables are computed in the following manner : — 

(a,) One inch of rain water, in an eight-inch circular gauge, weighs 

7000 
12,680 grains; and 1 oz. of water = -:^-^ = 437-6 grains. 

487-5 
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Therefore 



= 0-0845 indi = 1 ounce. 



12G60 

(h) As 1 oz. of water is = 0-0845 inch in depth, therefore, for 0-01 

•01 



inch of rain water we have 



•0845 



TABLE I. 
(Weight of water = depth in inches.) 



4 


OZ. 


^^ 


0*009 


inch. 


1 


ft 
»» 


^ 


0-0x7 
0*026 


fi 

ff 


I 

2 




^ 


0*034 

0*069 


If 
ff 


3 

4 


If 


— 


0103 
0*138 


ff ■ 
If 


5 


«f 


= 


0*172 


ff 


6 


»♦ 


= 


0*207 


ft 


7 
8 


ft 
tt 


= 


0*241 
0*276 


ft 
ft 


9 


tt 


:es 


0-310 


ft 


lO 

II 


f» 
If 


^^ 


0345 
0*389 


ft 
ft 


12 

13 
14 


ft 

»f 

ff 




0*415 
0*4^8 
0-483 


ft 

ft 
ft 


»5 


»f 


,_'^ 


0*517 


ff 


I 

2 


lb. 
IbB. 


S^S 


0*552 

1*104 


If 
tt 



= 0-29 oz. 

TABLE n. 
(Depth of water = weight in onnces.) 
0*005 inchsss 0*145 oz. 



001 „ 
0*015 „ 

0'02 
0*03 
004 
0*05 

o*o6 

0*07 

0*08 

0*09 

0*10 

0*105 

0*20 

0*25 

0*30 

035 
0*40 

o*.50 

060 

070 

075 

i*oo 

2'00 



ff 
tf 
II 
II 
tl 
II 
It 
tt 
ff 
ff 
ff 
II 
If 
ff 
II 
II 
II 
tt 
ff 
ff 



= 0*29 

= 0-43 
= 0*58 

= 0*87 

= 1*16 

= I '45 

= 1*74 
= 2*03 

= 2*32 
= 2*61 
= 2*90 

= 3 04 
= 5*80 

= 7-25 
= 8*70 

=10-15 

= ii»6o 

= 14*50 

=17*40 oz 

=20*30 oz 

=21*75 oz 



ft 
ff 
ft 
It 
If 
II 
It 
ff 
ff 
ft 
If 
If 
ft 
ft 
tf 
ft 
If 
II 



== lib. 
= lib. 
= I lb. 



=2900 oz. = I lb. 



1*4 oz. 
4'3 oz. 
S75 oz. 
13 oz. 



tt 



=58*00 oz. = 3 lbs. 10 oz. 
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The following is an example of the method of estimating the amount of 
evaporation by the nse of these Tables : 
Taking the observations in September, 1875, — 



Atmometer set on September 1, weighing 
Bainfall in September, 2-217 inches. 

lb. oz. 
From Table n. 2-0 in. = 8 10 

0-2 in. z=. 6-8 
0-02 in. = 0*58 



lb. oz. 
20 



4 0*88 



Total 24 0-88 
Weight of Atmometer on October 1 « 21 5-5 



Decrease of weight by evaporation = 2 10*88 

lb. oz. Inches. 

From Table L 2 r= 1*104 

10 =r 0*845 

(very nearly) 0.75 s= 0*026 



Evaporation in September = 1*475 inch. 



It might be worth while to elaborate the Tables, in order still farther to 
fjEusilitate calculation. 

The instrument above described has been in operation since May last. 
It was placed near a tank having a surface of water of 86 square feet, and 
holding about 500 gallons. The temperature of the water in these has been 
taken each morning at 9 a.m. 

The following Table shows the result: — 

AVBBAQX TEMFBaAXUBa AT 9 k,U. 

(One Inoh below surface.) 



MOMTB. 



Temperature of Water. 



May .... 
Jane .... 
July .... 
August •• 
September 
October . . 



In Tank. 



59-8 
61 -3 
6o'0 
65-0 
59-8 

47'4 



In Atmo- 
meter. 



o 

59-1 

63*1 
6i'i 
63*0 

603 
46-0 



Difi(erenoe. 



e 
—07 

ti-7 
i-i 

— 2-0 
+05 

-"1*4 



o<g i 3 n 



o 

+40 

—5*0 

— €*o 
— 8-0 



111 



4 
7 

7 
6 
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COMPABISON AS TO EvAPOBATION BSTWSSK TBX TlHK (a) AMD AtMOXXTEB (b). 

Inches. Inches, Inches, 

(a.) (6.) (a-6.) 

June 2*67 3*07 -)-o'4o* 

July ... 2-31 a-38 +0-07 

August 2*56 2'43 —0-13 

September I'So 1*47 — o'03 

October 0*57 0*62 +00S 

* There ia adiaGrepftiicy in June for which I caimot aooount. 

I tliink I may say that the praetioal working of the instmment has proved 
satisfactory. 

A severe test as to the ovlBrflowing was given in July, when the rainfall 
was nnusnally heavy. The level was constantly maintained, while several 
other evaporators had to be relieved of their contents two or th^ee times in 
that months 

The capacity of the present instrument is snch, that 10 inches of rain 
most fJEdl before any bss by overflow would take place ; and more than &i 
inches most evaporate before the upper compartment would be emptied, and 
the level lost. During the past summer, this upper compartment has not 
been emptied by evaporation ; but if it were found necessary to give a ^eater 
capacity to this feeding chamber, another inch in the diameter would meet 
the want, for the floor should not be lowered if it could be avoided. I say 
this in anticipation of its being left to do a whole month's work ; but I think 
that any observer, who'intended to work the sulject thoroughly, would make 
more frequent observations, and if all the arrangements which I have sug- 
gested were adopted, a daily observation would be found practicable, and 
perfectly easy. 

If the vessel were made deeper, and the top covered with felt, as I propose 
for the floating apparatus, most likely the temperature would be more nearly 
equal to that of the tank. 

I have no apprehension of the bursting of the upper compartment during 
frost, because it never remains full after the instmment is set, for some water 
must run out to fill up the open vessel, between the hooks and the top of the 
aperture, and if the levelling screws be not disturbed, there will be no need 
to fill the centre up to the hooks; then more water than usual can be allowed 
to flow out. Besides, the feeding chamber does not require filling each 
month in winter, when the evaporation is small. I have made no close cal- 
culation on this point, but imagine that the supply will last from November 
to March. 

A few modifications must be made in the details of the instrument, but 
these will not affect the general principle. Whether the screen is efficient 
or not, whether it shall be permanent or moveable, and what height it shall 
be, are points which require further consideration. 



DISCUSSION. 
Mr. Scott exhibited Prof, von Lament's Atmometer, described in the <Miin- 
chener Wochen-bericht,* No. 158, for the year 1868. It consists of a cylindrical 
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vessel, oommanicating by a fine pipe with a pan, the area of which has a definite 
ratio to the section of the cylinder. If water be poured into the pan till it is full, 
the level of the liquid will, of course, be the same in the cylinder as in the pan. 

The cylinder is provided with a plunger, by which the water can be forced into 
the pan, and this plunger is fitted with a scale to show the depth to which it baa 
been inserted into the cylinder. 

The mode of reading is as follows : water is poured into the pan until its level 
just attains the entrance of the small connecting pipe at the bottom of the pan, 
when the scale of the plunger is at 0. The plunger^s then screwed down, until the 
water in the pan rises to within about two millimetres of the edge, and the instru- 
ment is left alone. At the end of the period of observation, the plunger is screwed 
up till the level of the water in the pan sinks again to the entrance of the pipe, 
and the scale is read again. The difference between the readings gives ute 
evaporation. 

The diameter of the pan is 3*2 inches. It is clear that the apparatus must be 
sheltered from rain. 

Mr. Dines said he could not but admire the very ingenious way by which 
Mr. Miller had contrived to make the rainfall, and the water which supplied the 
Atmometer, act as a jacket to the vessel from which the evaporation took place. 
He would, however, notice a few points which had struck him in connection with 
the paper. It was proposed that the instrument should be floated in water. If 
this could be done, one of the great difficulties connected with all evaporation 
gauges would be avoided — that of the unduly heating of the body of wateir from 
which the evaporation was measured. He noticed that the wire coving ex- 
tended ail over the instrument ; he had tried this,- but found it got hollow in the 
middle, and the rain drops trickled down the wires, and fell into, the gauge where 
evaporation was to be measured, and this was of some consequence. He had, 
however, got over the difficulty by keeping the wire covering of the*^ same dia- 
meter as the gauge. He could corrooorate Mr. Miller as to the evaporation 
from ice; but it only occi^red when the dew point wa«; below 32°. If a piece of 
ice were now brought into the room, there would be no evaporation, but a con- 
siderable amount or condensation upon its surface. ' , 

He next noticed that the water in Mr. Miller^s gauge was kefft abt>ut 3 inches^ 
below the edge of the vesseL^ This. he. consi^red a most serious defect, as the 
evaporation would be one-third less than it would'be if the vessel were kept full. 
This was not a mere matter of opinion, as it would be found in his paper on 
evaporation (Proceedings of the Meteorological Society, VoL V., page 210) that 
he had made experiments with vessels of the. s^e diameter as Mr. Miller* s, and 
that when the water was kept two inches below the edge, the evaporation was 18 
per cent, less, and at three inches below it was 35 per cent, less, than when the 
vessel was kept full. It was proposed that the amount of evaporation should be 
determined by weight. This plan was adopted by Dr. Dalton, and as Mr. Symons 
was aware, he CMr. Dines) had used the same method in his earlier experiments. 
He had, however, found it a troublesome process. It might be tolerated once a 
month, but if done every da^, some otlier method would be sought for. He 
denied that there was any difficulty in determining the amount of evaporation by 
measure, for he had taken it nearly every dav and night during the present year, 
by^the instrument described in his paper, which was so sensitive that, on alter- 
nately dipping a thin rule into the water and then withdrawing it, the oscillation 
of the float could be plainly seen. The rule used was so thin that it only raised 
the surface of the water the 1-1 200th part of an inch, and would therefore require 
four decimal places of figures to show the difference. He next noticed some of 
the difficulties common to all evaporation gauges ; the first was, the heating of 
the film of water at the surface by the sun's rays when the water iww in a quiescent 
staUy which was much greater than in the case of a body of water agitated by the 
wind and waves. In his opinion, this was the greatest difficulty of idl ; and at pre- 
sent he saw no means of avoiding it. Another difficulty was that, on very wet days 
the evaporation appeared to be greater than on other days. Again, take a da^ 
like last Sunday (Nov. 14th), what with the wind, the rain, and tailing leaves, it 
seemed almost impossible to measure the evaporation correctly ; but on that day 
his gauge did not appear to be much out. He could not, at present, place much 

* Tlio exact depth was 2^ inches. 
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dependence upon the results obtained in wet weather. It' it should be agreed to 
place the evaporation gauge under cover, as had been done with thermometers, 
nine-tenths of the difficulties he had named would be met ; and he could not help 
thinking that the temperature of water placed under an open shed, would more 
nearly represent that of the sea than if it were placed in the open air and ex- 
posed to the sun*8 rays. lie then referred to some tables he had lately made. 
It was a common opinion that no evaporation took place at night ; this was a 
a great mistake, for durine the month of September last, he made the evaporation 
to be 2*28 inches ; of this 65| per cent, occurred in the day, 34 J per cent at 
night. In March last it was 1*15 inches, oi which 59 per cent, was in the day, 
and 41 per cent, at night. In April the total was 2*20 inches, of which 64| per 
cent, took place by day, 35| per cent, at night. These results, it mast be remem- 
bered, were obtained from a small body of water, which was unduly heated by 
day, and so increased the evaporation ; while the contrary was the case at night. 
He had, therefore, little doubt that, from a rough sea, with but little change of 
temperature in the 24 hours, the evaporation was as great between 12 and 1 at 
night as it was between 12 and 1 in tne da^. 

On the 1st September last, the evaporation during the day was *059 inch, but 
&t night only '005 inch. This was accounted for by a su^en change of tem- 
perature from cold to warm, which at once checked the evaporation. Again, on 
September 17th, with a shade temperature of 80^, the evaporation was only *002 
inch in the day. This was in what may be called " thunder weather,** close and 
oppressive, during* which little or no evaporation takes place. There were other 
anomalies in the table which he could not so easily account for. When he first 
commenced the study of this question, it was with the view of determining the 
monthly evaporation; he now looked upon that as a matter of secondary im- 
portance. It was the circumstances he had pointed out, and the constant 
changes he had found to occur, which, in his opinion, constituted the great 
charm of the subject ; and it was there he would recommend meteorologists to 
etudy. 

Whatever instruments might be devised, the evaporation from the small 
amount of water placed in them would never fairly represent that which took 
^lace from the sea, — the circumstances were so essentially different ; they must 
t)e content to know that it somewhat exceeded the rainfall in amount. He 
thought the evaporation from the sea, when tossed about by wind and wave, was 
(something beyond what they had any conception of ; and he roughly estimated 
that a cold dry wind, passing over the Gulf Stream, would produce an evapora- 
tion of from 1 to 1^ inches, or it might even amount to 2 inches, in the 24 
liours. 

Mr. Symons rejoiced to see Mr. Dines present, as he had done as much as, if 

not more than, any one in evaporation, but regretted the absence of Mr. Field, 

^who also had had much to do with the same subject. He thought that the 

instrument exhibited was the best form of small evaporator at present con- 

stracted ; it was the result of many years* careful observation on the part . of 

Mr. Miller. He could not comprehend how it was that there was no insplashing 

'when the external cylinder, covered with perforated zinc, was syringed with 

'water ; but he took Mr. Miller's word for it that such was the case. He would 

abolish the tables, and weigh the apparatus by a steel-yard dividing it to show 

the amount of evaporation in inches instead of the weight in pounds and ounces. 

He did not like the screen used on the evaporator, as he thought there was little 

danger of birds going there, and a screen so near the water surface would unduly 

interfere with the effect of wind upon the amount evaporated. He was surpriHcd 

at the agreement of the temperature of the water in the atmometer with that 

in the tank but was sorry that Mr. Miller had not taken any mid-day readings. 

Mr. Miller said he did not think that in this latitude the evaporation from 
the sea was so great as Mr. Dines had stated. Some reference was made a 
short time ago, in the Meteorological Magazine^ to the evaporation from sea- 
water. He had, consequently, taken observations from salt water, and found 
that the salt retarded evaporation. It had been said that an evaporator under 
the shade would not do, as it did not represent the evaporation which takes 
place from ponds, lakes, large rivers and at sea. His object in devising this 
instrument was to obtain an atmometer which could be exposed to all kinds of 
weather without derangement. He had frequently found that there was more 

NEW SERIES. — VOL. UI. B 
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evaporation daring rain than in dry weather. He had been at work at evapora- 
tion now for many years, and had about 18 evaporators in constant use, some of 
which were read daily. He would mention that he had used the steel-yard tor 
some of them. 



IV. Oil the Registration of Sunshine, By Robebt H Scott, F.B.S. 
[Beceived November 6th. — Bead December 15th, 1875.] 

It may be within the knowledge of some of the Fellows, that in the Seventh 
Report of the Society, that for 1867,* there will be found a paper by 
Mr. J. F. Campbell, F.G.S., of Islay, describing a Registering Sundial, consiBt- 
ing of a hollow glass globe filled with water, such as is used by engravers. This 
is placed in a hemispherical bowl of wood of such a diameter that the distance 
of the inner surface of the bowl from the globe is equal to the focal length of 
the latter. When the sun shines on the globe its rays are concentrated on 
the wood, which is charred, and a groove is burnt out corresponding to the 
duration of sunshine on the day on which the instrument is exposed. 

This apparatus was erected on the roof of the house occupied by the 
General Board of Health in 1854, and kept there for twenty years, under the 
management of Mr. J. C. Haile for a considerable portion of the time. At the 
expiration of the third year, the hollow globe was exchanged for a solid 
sphere of glass. 

A notice of tho method, with a representation of the effects of solar heat 
on two of the charred bowls, is contained in the * Report on the Warming 
and Ventilation of Buildings,' printed by order of the House of Commons, 
1857, p. 151. 

In the year 1873, the entire scries of these bowls was transferred to the 
Meteorological Office, and the question then came before me as to how this 
plan could be rendered workable, so as to afford a daily record of the dura- 
tion of time for which the heat of the sim had power enough to burn a hole 
in wood or paper. It is obvious that the plan of hollow wooden bowls is not 
suitable for such a purpose, inasmuch as the track of the sun for each day 
overlaps that for the preceding day, and the result is, at best, merely a rude 
representation of the general effect of the sun's heat during the interval be- 
tween the successive solstices ; for the bowl was only changed twice a year. 
The amount of wood destroyed must, of course, depend, to a certain extent, 
on the grain and density of the special block out of which each individual 
bowl is made. 

It is next to impossible to reduce these results to absolute measure, and 
the only systematic attempt to do so is described in the ' Proceedings of the 
Royal Society,' No. 163, p. 578, in a paper by Professors Roscoe and 
B. Stewart, to whom I had handed over the entire series of bowls. Their 
measurement was effected by filling up the excavated portions of each bowl 
with a mixture of beeswax and olive oil, and then smoothing the surface of 

* Beport of the Cooncil of the BrHish Meteorological Society, 1857, p. 18, 
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this material so as to eorrespond with the origmal coryatore of the bowl. 
The bowl was then weighed, when filled np and when empty, and the expe- 
riment was repeated twice. By these means the anthers of the paper have 
arriyed at certain figores, which tend to confirm the idea ''that there is more 
solar heat in London in years of maximom than in years of minimum distur- 
bance." 

The apparatus is now erected at Eew, where it will continue to work ; and 
I submit to the Society the bowl for the half year ending June 21st, 1875. 

I shall now proceed to describe what I have done in the way of obtaining 
a more manageable record. In the original paper Mr. Campbell describes 
two methods of obtaining this end. The first is to make the bowl of stone* 
and to smear it with coal-tar, or black varnish. The sun*s heat melts this 
coating along the track traversed by its image, day by day, and the method of 
recording is to role paper with hour lines, and to mark off on it the periods 
for which the varnish has been melted. This is done at sunset, and the bowl 
18 tfien prepared for next day's use by smearing it afiresh. 

The second method is to affix a ribbon or tape to the inside of the bowl 
so as to catch the sun*s image, and to change this daily. The difficulties 
met with in ibj/^ process are those of fixing the ribbon in its place in a satis- 
factory manner, and of providing a suitable cement. 

It is this latter process which I have followed ; and, with the assistance, 
firstly, of iir. Lecky, one of our Fellows, and, secondly, of Mr. S. Jeffery, 
at Eew, I have succeeded in obtaining a daily register for some months, 
which, at least, proves that it is possible to obtain a record which will admit 
of being tabulated. It is, of course, no measure of the intensity of insolation, 
but, such as it is, it seems likely that some use may be made of the process 
which, with all its defects, is the simplest hitherto introduced for registering 
the duration of sunshine. 

The principle of the instrument is that the strip of paper is held in clips 
along the inner surfEuse of a ring which is concentric with the spherical lens, 
and whose radius is equal to the radius of the lens ^. its focal length. This ring 
is attached to a vertical circle, along which it is moved to correspond with 
the varying declination of the sun. 

The nmterial employed for the record is thin millboard. 

It 18 obvious that a time scale could be printed on the millboard. 

Plate I. shows the results obtained by this method for the month of 
September last, together with the duration of rainfall, as registered by 
Beekley^s Bain-gauge, for the same period. 



DISCUSSION. 

Capt. Toynbee asked whether there was any record of intensity by this 
method ? 

Dr. Tripe, in answer to a question bv the President, said he was not aware 
of any comparisons which had been made between the duration and intensity of 
Bunshine and the prevalence of epidemic, or other diseases, unless it be admitted 
that an unusaal length of sunshine and a iiigh temperature are actually co- 
existent. In that case, he would observe that it is well known that oeatlis 
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daring imtusaall^ cold periods are in excess in this country from old age and 
bronchial affections, as well as from most others, excepting epidemic disease; 
that whilst deaths from diarrhoea are much more numerous in hot weather, it is 
by no means certain that the excess of deaths is caused directly by the heat ; on 
the c6ntrary, the evidence rather shows that they arise from the partially decom- 
posed food which children then take, such as sour milk ; and from pu^factive 
action in the excremental and other similar substances by which we are more or 
less surrounded. As regards scarlatina, the number of deaths is smallest about 
the 14th or 15th week of the year, and increases up to the first or second week in 
November, when the mists and fogs, and consequent absence of sunshine, are 
most common. He thought that records of sunshine kept in the manner shown 
that evening will be most useful, but will be of comparatively little use for 15 or 
20 years, as we are almost certain to fall into error if we work upon a few years* 
results. He had found it worse than useless to compare the effects of temper- 
ature with death rates in different years, without making corrections for increase 
of population, so that any one who shall hereatler use for this purpose the admi- 
rable meteorolo^cal returns which are being made by Fellows of this Society, 
should bear this m mind. 

The President pointed out that it was extremes of temperature, rather than 
excess or deficiency of sunshine, that produced evil effects upon the pabKc health. 
In lands like South-Eastem Africa, high inland re^ons, with intensely hot sun- 
shine, were more healthy than low-lying coast districts, where the sun shone with 
less continuance and force. 

Mr. Syhons had assisted Mr. Haile with this kind of instrument many years 
ago. They had found that sunshine was more prevalent in the afternoon than in 
the morning. Mr. Campbell gave as an explanation, that this was caused by the 
smoke in London ; but the diagram exhibited showed the maximum to be about 
2 p.m., and the same deficiency in the morning hours. He thought that at Rew 
this could not be caused by smoke. The wooden cups were objectionable, as they 
got damp, and thus prevented the burning of the wood. Mr. Crallan had made a 
comparison of the duration of sunshine with relap8es in the patients at the 
Lunatic Asylum at Hayward's Heath, and found that they varied with the maxi- 
mum of solar radiation. He thought that a comparison ought to be made of the 
duration of sunshine and the number of deaths from diarrhoea in London and the 
country ; for the sun's, rays cannot penetrate the London atmosphere so well as 
that of the country, as is evident from the Londoners' complexions. 

Mr. BiCKN ell thought it very desirable that any observation for the purpose 
of showing the influence of sunshine upon health, should be accompanied by 
observations of the direction of the wind, as the death rate is considerably 
increased by E winds, which often occur with clear skies. 

Mr. Cator wished to know if Mr^ Scott had observed any connection between 
the amount of evaporation and that of sunshine ; and, if evaporation was directly 
influenced by sunsnine, to what extent ? 

Mr. Whipple said that there was more certainty with this instrument than 
with Roscoe's, as it does not require any attention, while the latter requires to be 
constantly looked after, and only gives a record of two minutes at every hour. As 
colour has a great influence on the burning, it is desirable to have a number of 
instruments with different coloured slips. The numerous breaks in the records 
shown in the diagram for the morning hours were doubtless due to the mist, 
which is prevalent at Kew, preventing the registry of the sunshine. He believed 
that no advantage would be derived from putting more slips underneath, on 
account of the short focal length of the glass sphere. 

Mr. Laughton said that mere change of temperature did, sometimes at least 
seem to have a direct influence on health, in a way quite independent of diet. 
One common enough instance of this was the number of deaths that occurred, 
between the tropic and the Cape of Good Hope, on board ships bringing home 
invalids from China during the southern winter. 

Mr. Scott stated that the present paper was merely intended to draw the 
attention of the Society to the subject. Tne arrangements were hardly scientifi- 
cally exact enough. The globe was not a true sphere, and the glass of which it 
was made was full of defects. A perfect sphere of good glass would bo very 
costly. The instrument only registered the duration of sunshine, and not the 
intensity of the heat ; but he believed that Dr. Stewart had, in a recent No. of 
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'Nature/ annouDced an instrument which would measure the latter element 
With reference to the relation of the duration of sunshine to the state of public 
health, it would be remembered that Mr. Campbell, in his original paper oefore 
the Society, had touched on that subject. In reply to Mr. Cator, he said that he 
had not taken up the question of evaporation. 

Mr. Symons said, that with reference to the records of the duration of sun- 
shine in Scotland, published by the Scottish Meteorological Society, the number 
of hours were simply estimated ; for whilst visiting one of their observers, he 
found that there was always a discussion in the ramily circle in the evening, 
before going to bed, as to the duration of the sunshine during the day. 



V. On the Rain/all at Calcutta. By R. Strachan, F.M.S. 

[Beoeived November 11th.— Bead December 15th, 1876.] 

The observatioDS used in this investigation were made at the Office of the 
Sorveyor- General at Calcutta, and are printed in his Monthly Beports of the 
Meteorological Observations made under his direction. The position is in 
latitude 22° 88' 1'' N., longitude 88^ 20' 84'' £.; and elevation above the 
sea 18 feet. 

The Tables accompanying this paper have been drawn up in the following 
manner : — 

Having collected all the observations for, say June 1st of each of the years 
1847 to 1874, I have added together the amounts of each day's rain, and 
counted the number of days on which rain fell, and noted the maximum fall 
and the year in which it happened. Thus on the twenty-eight Ists of June, 
5*41 inches of rain fell on 10, so that it is to be inferred that no rain feU on 

• 

the other 18, and the largest amount, 1*14 inches, was observed June 1st, 1870. 
The monthly means of rainfall are given at the foot of each Table, and have 
been calculated from the observations of the entire 28 years. The monthly 
means of days of rain have been computed from the same number of years* 
observations as the daily sums of rainfall ; thus, for July it will be seen to be 
from 27 years', for October from 24 years', observations. The cause of this 
has been that I have not been able to get the daily observations for a few 
months, though I have been able to get the corresponding monthly amounts. 

These Tables will serve for estimating the probability of rain on any day 
and its mean amount, and afford an indication also of the extreme amount. 
Thus, for July 1st, the chance of rain is 18 in 27, and its mean amount 1 
inch pearly, extreme amount above 8 inches ; whereas, for January 1st no 
rain has been recorded in the 28 years. 

The greatest fall on any one day was 12*09 inches on June 18th, 1861 ; 
the next in magnitude was 10*99 inches on June 9th, 1869 ; October 22nd, 1851, 
' claims the next in extent, 10*12 inches. During the 28 years, falls exceeding 
8 inches in 24 hours have occurred in March 1, April 1, May 4 times, June 14, 
July 8, August 12, September 9, October 8, November 1. The most rain 
falls in July, but the heaviest downfalls are most frequent in June, and heavy 
downfietlls are more frequent in August than in July. The greatest number 
of days of rainfall is in July, but the number is almost the same for August. 
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December has the least frequency and amount of rain. Thus, there are just 
eix months between the driest and wettest months. December has also the 
least tendency to heavy daily rainfalls. 

The following tabulation of mean monthly rainfall, pressure, and resultant 
winds, shows two well defined seasons each of six months' duration, the wet 
season and the dry season. The mean pressure and the resultant winds are 
copied firom Blanford's Winds of Northern India {PhU. Trans. 1874). 





Mean Bainfall. 


Mean Pressure 


Resultant Wind. 


Months. 


Amount. 


Days. 


At Sea-leveL 


Direction. 


Percentage. 




InohoB. 




Inches. 


o 




January 


0-47 


1-2 


80-040 


N88W 


40 


February 


0-99 


20 


29-964 


8 79 W 


28 


March 


1-49 


8-0 


29*888 


8 88 W 


47 


April 


209 


4-8 


29-792 


8 8 W 


74 


May 


5-18 


80 


29-685 


8 12 E 


65 


June 


12-41 


12-5 


29-570 


8 5 E 


58 ^ 


July 


18-54 


20-8 


29-569 


8 12 E 


65 


August 


12-81 


19-6 


29-629 


8 18 E 


55 


September 


11-58 


16-3 


29-697 


8 80 £ 


40 


October 


6-18 


7-6 


29-859 


N63W 


18 


November 


0-85 


1-8 


80-001 


N19W 


58 


December 


0-15 


0-6 


80-061 


N27W 


60 


No. of Years 


28 


28 


5 


10 


10 



The dry season includes November to April, during which on an average 
6-04 inches of rain fall on 12 days out of 181, or on 1 out of 15 days. The 
wet season is from May to October inclusive, during which 61*60 inches of 
rain &11 on 84 days out of 184 in the season, or about 1 in 2 days. Hence, 
there is ten times as much rain in the wet season as in the dry, and seven 
times as many rainy days. Nevertheless, fsdls exceeding 4 inches in the 24 
hours have occurred in the dry season. 

The mean annual rainfall is 67*64 inches, on 96 days. 

It will be seen from the above tabulation that December has the maximum 
pressure, the greatest frequency of NNW win^s, and the least rain. On the 
contrary, July has the minimum pressure, the greatest frequency of 8 b E 
winds, and the most rain. 

Although from December to April the winds back from NNW to W and 
S, it appears that they must get to the east of 8outh to bring the rains, and 
that they prevail for some time before the rains fairly set in, since in May 
they are as frequent from 8 b E as in July, although the rain of May is not 
half that of July. From 8eptember to October the wind rapidly veers from 
SSE to NW, but the remnants of the 8 b E wind evidently bring in rain to 
the last. 



DISCUSSION. 

General Strachey exhibited a Chart showing the approximate average 
rainfall in Northern India, enlarged from that given in Mr. H. Blanford's 
paper on the Winds of Northern India, lately published in the >* Philosophical 
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IVansactiotiB.** He observed that such averages as the author of the paper had 
cfdcolated no doubt had a certain value for various purposes, but they hardly 
indicated anv eiact physical conditions^ because the toUl rainfall of the yearwaa 
made up of the quantities that fell at different seasons, under the action of veijr 
diffiBrent causes. The chief fall was in the summer months or rainy season. 
There was a very distinct season of winter rainfall in Northern India, which only 
Just reached Calcutta, and was not felt in the Peninsula. So, too, die rain of 
the spring months was in a great measure due to the sporadic storms commonly 
callea * North- Westers' in India. The true rainy season came in with the South* 
West Monsoon, which blew oyer the north of the Bay of Bengal as a south- 
easterly wind. Certain peculiarities of the distribution of the rainfall over the area 
shown m the map were pointed out, and it was shown how the fluctuations of the 
boundaries of the various zones of rainfall led, in years of scanty rain, to invasions 
of the region of no rain, which is normal along the Indus, into the area where the 
rainfall is commonly sufficient for the requirements of agriculture, imd that thia 
gave rise to the periodical Indian famines of North-West India. A somewhat 
similar extension of an area of relatively small rainfall that occupied the middle 
valley of the Ganges had apparently been the proximate cause ofthe late famine 
in North- Western Bengal. 

Mr. Symonb asked if the observations at Cherraponjee, where the fall waa 
reported to be 600 inches, were continued, as this was considered to be the wettest 
place in the world. 

General Stbachey said that they were still continued. 

The President said that the two distinct and altoxet^er differ^t cauaea of 
rainfall in Northern India, referred to by General Stnumey, Were very intereating 
to him on account of the analogous facts of a double cause of rainfall, namely, 
the Sea-Gale, and the HiU Thunder-Storm, which he had himself observed m 
NataL 

Mr. J. P. H. Walker could scarcely agree with General Strachey that a hilly 
conformation of countnr at the mouth of the river Indus (had such physical 
character existed) would, have rendered the Punjab a complete desert. Onaaa, a 
part of India with which he had been many years acquainted, had an average 
rainfall of about 55 inches per annum. The bulk of this rainfall was derived 
from the South- West Monsoon, which, before reaching the basin of the river 
Mahamiddy, had to traverse nearly the whole continent of Hindostan, crossing 
in its path not onl^ the western ghats, but a counti^ presenting an almost con- 
tinuous barrier of'^ hills — of moderate elevation, it is true — but covering ain area 
as extensive as that intervening between the mouth of the Indus and £e centre 
of Uie Pui\}ab. 



VI. Notes onihe u^eof the Rotatory Thermometer^ * ThermomMre fronde^' on 
hoard Ship, By Robert H. Scott, F.B.S* 

[Beoeived Noyember 16th. — ^Bead December 15th, 1875.] 

It is hardly necefiBary to allude to the difficulty of obtaining ft fia&fiMJtory 
O]q[»osure for thermometors in a paper to be submitted to a Society which h^ 
so Tec^nity devoted an entire Hitting to tho discussion of this mnoh ve^cefl 
qnesfioh. I^ fflidt, tKe ofily attempts at its final soltitioli have bdeii thdse of 
eertttiii mi^iteorologidtd who insli^ on th6 unqualified a;doption 6f tfhi^ir o^ 

^ews on ii!he salij^t, m niter disregard of the fact that the variations in local 
climate may render arrangements, which are fairly satisfactory in th& own 
country, entirely nnsnitable in another. 

One of the attempts at catting the gordian knot, by dispensing with screens 
altogether, has been lately much vaunted in France. This is the use of the 
Rotatory ^ermometer {Thermometre /ronde) yfbkii was first propose many 
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With reference to tbese Observationg, Captain Heggam ttjIcb : — " Ab tor tbe dilleranefl 
between the Swinging Thennometer and the bulbs, the Screen is alwaja screwed in 
front of tbe poop, so when tbe sun is ahead and not shaded by the sails, it always risei 
oonsidenbly, especially in tbe aftemooQ." 

In the above Observations the Dry Bulb may be conudered as never wet, lincc 
Captain Beggmn used a symbol to eipiess sacb dampnesB of Dry Bnlb when existing. 

yenTB ago, bat has only of late attracted mach attention. Tbie consiste of a 
small thermometer, attached to a Btrui(;, which .is swung round the head for 
a short time, and then read. It is mamtained, by the advooatea of this mode 
of experiment, that such an observation is independent of radiation, and tiiat, 
whether the thermometer be swung in sunshine or shade, over grass, gravel, ■ 
or road, tbe observed temperatnre will be the same as that obtainable at the 
same level by the most approved method of eiposnre in a screen ; in &ct, 
some of the advocates of the method maintain that this is the only accarate 
mode of determiniiig air temperatnre. 

At the Conference on Maritime Meteorology, which was held in London 
last year, the use of the instrnmout in question on board ship was proposed by 
M. Charles Sainte-Clairo-Poville, but tbe idea did not meet with general accej>t- 
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ance. It seemed to me, however, to be well worth a trial, and accordingly I re- 
quested one of our best observers, Captain Edward Carl Y. Heggom, formerly 
of the 'Czar/ now of the 'Bozelle,' to take one of these instmments, and try 
it on a voyage. This was done on the voyage from Liverpool to Calcutta, in 
the winter of 1874-5, and the observations were made at noon daily. I 
have extracted these, with the temperature by dry bulb, in an ordinary small 
screen, and have appended the records of the damp bulb, wind and weather 
at the time. 

• 

The result is that we have 76 comparisons, in which the Rotatory Thermo- 
meter read below the dry bulb on 52 occasions, was equal to it in 8 
instances, and was above it on 21 occasions. Of the .52 observations of 
defect of the Botatory Thermometer, 

4 were above 2^*0 

8 „ between 2°-0 and l°-5 

12 „ „ r-5 „ ro 

16 „ „ 1^-0 „ 0°-5 

18 „ below 0°-5 

Of the 21 observations of excess of the Rotatory Thermometer, 

1 exceeded 2°'0 

2 were between 2^*0 and l°-5 
1 between l°-5 „ 1°0 
6 „ ro „ 0^-5 

12 below 0°-5 

The greatest instance of excess, 2°*9, was just after a gale. 
The present communication is necessarily very incomplete, but it seems 
of interest to place the observations on record, inasmuch as the mean of the 
76 observations only differs by 0°'4 from the accepted mean temperature for 
noon on board the ship. 



DISCUSSION. 

Dr. Tripe pointed out the peculiarity that a majority of the observations made 
in this manner in the sun were below those of the ordinary dry bulb, placed in 
the screen, instead of being, as he should have expected, a little above it. 

Mr. Gaster said that position and nature of the thermometer- screen should be 
carefully stated, as it might sometimes be in the sun, and sometimes in the shade of 
the ship's canvas, or be undulv heated by reflection from the deck. It was absolutely 
necessary that something definite as to the exposure should be given, or the 
conriparisons would prove of no value. 

Mr. Symons said that it had been found that the bright bulb thermometer does 
not heat up very much. In the Strathfield Turgiss experiments, a bright bulb 
thermometer was exposed 20 feet above the ground, in the sun's rays, and the 
difference was only l°-0 or l°*5 above the temperature in the thermometer stand. 
He understood that Mens. Renou swung the thermometer in the shade. He 
thought that the difference of 0°*4 was more likely due to the heating up ot the 
screen than to any other cause. The slightness of this difference seemed to 
imply that observations on board ship must now be more correct than they were 
lorraerly considered to be. 

Mr. Scott said that these results were merely preliminary, and intended to 
show that the arrangement was practicable. In reply to Dr. Tripe, he observed 
that if anyone would try the experiment of swinging a thermometer in sunshine 
and in shade, they would fiud that there was hardly any difference in the 
readings. 
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Yn. On the Moon*8 Influence in connection with Extremes of Temperature. 
By George D. Bbumham, F.M.S. (Abstract.) 

[Beoeiyed Noyember 27ib.— Bead December 15th, 1875.] 

In tilts eommonieiition the author points ont a large series of cnrioos eoinei- 
dences between the oocoirence of exceptionally nnifbrm apparent moyements 
of the lunar positions above the horizon, and extremes of atmospheric 
temperature. Mr. Bromham thinks that the unsettled state ol the weather 
in oar climate is due, in a large degree, to the irregular moyements and 
nnsymmetrically shifting positions of the moon in the sky, and he sapports 
this opinion by pointing out numerous instances in which the most marked 
departure of the moon from its irregular moyements has been aecompanied 
by diminished vicissitude in the weather, and exceptional severity of cold, or 
enduring prevalence of heat. By * regularity in the moon's movements'* 
Mr. Brumham means regularity of apparent movement in the sky as the 
luminary approaches, or leaves, the equinoctial line; and in its method of 
reaching its extremes of north or south declination. Mr. Brumham conceives 
that coincidences of the character of those which he adduces establish the 
fact of some important connection between lunar influences and extremes of 
atmospheric temperatures upon the earth, but that this influence is 
'' partial,'* and very materially affected and modified by the circumstances 
and conditions of place, and that the careful and patient inquiry of " how " 
and '* why** the weather of different localities is differently influenced by the 
movements of the moon, is one of the offices which meteorological science 
has at this time to perform. 

Mr. Brumham, in this communication, draws particular attention to the 
frequent recurrence of very severe winters in England at periodical intervals 
of double the moon's cyclical return to corresponding relations with the earth 
and sun, which is measured by a period of a trifle more than 81 years. 
There were exceptionally severe winters in England in 1709 and 1771 ; in 
i740 and 1802 ; in 1741 and 1808 ; in 1754 and 1816 ; in 1768 and 1880 ; 
in 1776 and 1888 ; in 1785 and 1847 ; in 1798 and 1860 ; in 1808 and 
1870. And as there was a very severe winter in 1814, there should be one 
in 1876. 



PROCEEDINGS AT THE MEETINGS OF THE SOCIETY. 

November 17th, 1875. 

Ordinary Meeting. 

Robert James Mann, M.D., F.R.A.S., President, in the Chair. 

James Conrot, Tinnahinch Bridge, Rosenallis, Ireland ; 
Morris Jones, L.R.C.P., Aberystwith ; 
A. H. Leycester, 38 St JamcR's Place, S.W. ; 

Sir David Lionel Salomons, Bart., Broom Hill, Tunbridge Wells ; and 
James Penman Hugh Walker, U Delamere Crescent, Harrow Road, W., 
were balloted for and duly elected Fellows of the Society. 
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The names of four Candidates for admission into the Society were read. 
Mr. £. G. Aldridoe and Mr. G. M. Whipple were appointed Auditors of the 
Treasurer's Account. 

The following papers were then read : — 

" Some Remarks on the reduction of Barometric Readings, with a form of 
Table for combining tiie corrections for index-error, temperature, and altitude.** 
By WiLUAM Marriott, F.M.S., Assistant Secretary, (p. 1.) 

" On a Continuous Self-Registering Thermometer." By W. ELlrrison Crifps. 
(p. 6.) 

" On a Self-Regulating Atmometer.'* By Samuel H. Miller, F JEt.A.S. (p. 9.) 

Tlie Meeting was then acyoumed. 



December 15th, 1875. 

Ordinary Meeting. 

Robert James Mann, MJ)., FJR.A.S., President, in the€hair. 

William Elus, F.R.A.S., 88 London Street, Greenwich, S.E. ; 
Kaufmann J. Marks, 14 Warrington Crescent, Maida Hill, W. ; 
Thomas Read, 37 Westboume Park, W. ; and 

Philip Wright, F.C.S., Mellington Hall, Churchstoke, Montgomery, 
were balloted for and duly elected Fellows of the Society. 

The names of four Candidates for admission into the Society wore read. 

The following papers were then read :— 

" On the Registration of Sunshine." By R. H. Scott, M.A., F.R.S. (p. 18.) 

« On the Rainfall at Calcutta." By R. Strachan, F.M.S. (p. 21.) 

^ Notes on the use of the Rotatoir Thermometer (Thermomeirefrande) on board 
ship." By R. H. Scott, M.A., F.R.S. (p. 26.) 

''On the Moon's influence in connection with extremes of Temperature." 
By George D. Brumham, F.M.S. (p. 30.) 

Mr. Scott exhibited a complete set of instruments, with Thermometer 
Screen, &c. as used at the Russian Meteorological Stations. 

The Meeting was then adjourned. 
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ber and October. 
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No. 10. 

Transactions, Science, Vol. xxv., Parts 6- 
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Meteorological Observations, September. 
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pluie d'^toiles filantes de Novembre, 1866, et du Betour 
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An Address delivered by the President, Robert James Mann, M.D., F.R.A.S., 
at the Annual General Meetingy January 19^/i, 1876. 

Thb Report of the Conncil, drawn up as an authoritative acconnt of the work 
accomplished daring the past year, which has just heen read, has heen so 
carefully prepared, and is so full and circumstantial in its detail, that it goes 
▼ery far to forestall all that a President could most appropriately say at an 
Anniversary Meeting of the gentlemen associated in Fellowship around his 
chair. It therefore happily falls to my share to have to play hut a suhordi- 
nate and secondary part in the proceedings of the evening, and I am the 
more glad that it is so, because the mere accident of a change in the 
arrangements of the Sessional work, and of the election of Officers during the 
term of my presidency, has been the cause of my having to make a third 
appearance before you in this particular role. Under the circumstances of 
this contingency, I intend to leave the Report of the Council to speak for 
itself upon the general theme of object and progress, and to confine myself 
to a brief special allusion to certain matters of practical interest that are 
saggested to me by some passages of this official document. 

The first impulse that naturally arises in the prosecution of this object is 
to express somewhat pointedly the strong satisfaction I necessarily experience 
in the sense that during my presidency a series of carefully- equipped Observa- 
tories have been auspiciously organised under the superintendence of the 
Society, and that England is, consequently, now widely covered with observing 
Stations amenable to our own management and rule, from which meteoro- 
logical returns are made that are substantially equivalent and strictly com- 
parable. The expression of this feeling on my part, however, affords me a 
fitting opportunity to add a few words on a bearing of the subject, which has 
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occupied my thoughts, to a considerable extent, for some time, and which 
therefore I may perhaps venture once again to touch before I vacate my seat 
at the head of your Council ;— I allude to the value and proper position of 
Observational Meteorology in the family of the sciences. 

Any thoughtful appraisement oiike circumstances which have attended tilie 
marvellous progress of human knowledge within the recent epochs of current 
history, leaves the conviction upon the mind that instead of there being any 
intrinsic superiority in either of the two opposite methods of scientific inves- 
tigation, namely, the deductive and the inductive, as has been too com- 
monly claimed by the special advocates of those methods, — there is, on the 
contrary, an equality and fraternity, — a kind of mutual dependence and 
special co-ordination, — in them, each method having a proper function and 
place of its own in the great work of intellectual movement and human 
enlightenment, and each method being the indispensable counterpart and 
complement of the other in a systematic plan of intellectual progress. In all 
the great branches of human knowledge with which the intellect of man has 
hitherto had concern, the lightning flash of intuitive deduction has marked 
out a path which has afterwards been, often painfully and laboriously, but 
always successfully, followed up by the halting footsteps of inductive elabo- 
ration and correction. A mere casual reference to the historical records of 
the various departments of physical science at once supplies ready and ample 
illustrations of this truth. In the case of physical astronomy, the grandest 
of all the deductive efforts of the human mind — that, namely, which was 
marked by Newton's enunciation of the Law of Universal Gravitation, — has 
been followed by two centuries of detailed labour with the stars, at Greenwich 
and elsewhere, in which many hundreds of men have been employed in the 
accumulation of many hundreds of thousands of tri\'ial facts, such as the 
fractions of the moments at which certain of the celestial luminaries have 
passed fixed stages of their endless journey in their daily recurring rounds. 
This is done, as has been aptly said, for the perfectimj of the Lunar Theory, 
or, in other words, for the testing and elaboration of the Newtonian hypothesis. 
In our own days the deductive suspicion that the sun is three millions of miles 
nearer to the earth than it was conceived to be in the earlier astronomy, has, 
as we all know, covered the broad earth with expeditions sent out to the 
remotest regions of the globe to watch the passage of Venus across the solar 
face, as a mere subordinate incident in which process we hear of two hundred 
and sixty chronometers having been caused to make single and double 
journeys over long stretches of the ocean, and of ten thousand telegraph 
messages being exchanged between observers at distant stations. No com- 
petent authority doubts, in these instances, the necessity for all this perse- 
vering labour and supplementary toil. It is admitted, on all hands, as a 
kind of self-evident fact, that the first deductive glimpse of the scientific 
principle and law requires all this elaborate and patient application of induc- 
tive scrutiny, before these can be adequately and properly turned to account 
in the further processes of investigation and discovery. 

The same illustration is encountered again and again in almost every path 
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of human inquiry. Deduction leads the way, and marks oat the coarse, and 
induction then takes up the running, and tracks the half-seen truth home to 
its hidden lair; and with this sleuth-hound set upon the trail, it is hardly too 
much to say that there is no deductive flash of intellect that may not be 
followed to a serviceable end. It weis in this way that — after it had been 
seen that the tides of the sea were caused by the gravitating pull of the sun 
and the moon upon the fluent substance of the ocean — it was found that the 
actual tidal waves are liquid vibrations propagated through basins of limited 
depth, under a special law of their own, after the equilibrium of the fluent 
mass has been primarily disturbed by the cosmical influence acting from 
vnthout. It was in this way that, after the brilliant idea of the combining 
proportions of elementary substances had been conceived by Dalton, it was 
ascertained that the elaborated theory could be applied even to the formation 
of new compounds of great economical value, and previously unknown. It 
was in this way that, after Avogadro had perceived that the same number of 
molecules are contained in similar volumes of all elementary bodies, when 
converted into the state of gas, and when placed in analogous condition of 
pressure and temperature, — it was ascertained that Avogadro*s comprehensive 
law could be made an infallible guide through all the complexities and per- 
plexities of intrinsic density, specific gravity, and specific heat, and that it 
could be turned into an arithmetical rule for the exact estimation of 
chemical quantities. In reference to the most recent of these grand inspira- 
tions of physical science, — KirchofiTs construction and appUcation of the 
compound spectroscope to purposes of chemical and astronomical discovery, — 
he would indeed be a rash and presumptuous prophet who would venture to 
say how many generations of ever- extending and ever- multiplying observations 
will have to be passed before the sublime insight of Kirchoff can- be held to 
have established itself in its proper place in the doctrines of science, and in 
the methods of ultimate research. 

Now Meteorology stands, in no sense, in a diiSerent position in these 
matters to its sister departments of Physical Research. It is, it is true, a 
younger science than some of its compeers, and it holds ground of a vdry 
broken and complicated character, and deals with details of perplexing multi- 
plicity and variability. But it has, nevertheless, had its bright outbursts of 
prophetic induction. The deductive perception of the great physical agency 
expressed in the barometric gradients of the atmosphere, and the law of the 
movements of the air in reference to the position and drift of high and low 
pressure areas, are essentially comparable with the discovery of the dynamic 
theory of the tides in oceanic physics, and with Avogadro's hypothesis of the 
molecular imiformity of the diflerent gases in chemical physics; and the 
special work of Meteorological Science at the present time is the tracking 
down of those prophetic generalisations to their practical applications, and 
to their elaborated end. 

But, in carrying out the inductive investigations which are necessary for 
the elaboration and perfection of the premonitions of science, it is of the 
utmost importance that those investigations should be directed by an intel- 
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ligent appreciation of the issue that is looked for; — that they should 
constitute a well-considered and pre-determined system ; and for the very 
reason that has already been alluded to, namely, that Meteorology has to 
deal with so complex and protsean a series of elements, this is even more 
essential in its case than it is in that of many of the collateral branches 
of physical inquiry. It is the too general neglect, indeed, of this condition 
in ^oaeteorological work that is mainly responsible for the reproach which is so 
commonly made to its votaries, of spending their lives in heaping together 
ever-increasing piles of heterogeneous figures and uninteUigible records. 

The purpose of the Meteorological Society in the estabhshment of its nfiw 
series of observing stations has substantially been to organise a group of 
connected observatories in which systematic, and strictly comparable, obser- 
vations may be carried on with a view to the specific and periodical 
discussion of the results. On this account the most strenuous care has been 
taken not to multiply needlessly the stations of observation, but to select them 
on the ground of topographical position and fitness. The most absolute uni- 
formity in the character and conditions of the instruments has been secured 
by the definite inspection and registration of the circumstances and equip- 
ment of each station. I could not, perhaps, more forcibly or more adequately 
express the view which I here desire to enforce, and which has been present 
to the Council in dealing with these details, than by repeating the terse words 
of one of our own Secretaries, which appeared in the * Times ' of Christmas- 
day in connection with a correction of a misapprehension of the position of 
the Society in another particular : — ** The requisite in Meteorological Science 
now is, not observations, but brains to work out the results.** It is in this 
sense that systematised and superintended observations are required, and 
that the arrangements have been entered upon, which are so clearly and so 
fully described in the Report of the Council. The Members of Council who 
are responsible for its conception and statements, certainly do entertain a 
very sanguine expectation and hope that important practical results will 
speedily follow from the establishment of these Observatories, and that they 
will afford a valuable contribution to the knowledge of the climate of England. 

As the personal experiences of individuals very commonly afford the most 
intelligible explanation of the grounds of their convictions, I may, perhaps, 
be permitted here very briefly to say why I myself have a very confident 
belief that such a result will follow from this action of the Council. Some 
eighteen years ago the accidents of my life led me for a somewhat lengthened 
sojourn to a young colony on the south-eastern coast of Africa. When I 
landed there I found that no one to whom I referred could give me any very 
exact or definite idea of the climate of the place. Almost every old colonist 
described something that materially differed from the account that was 
rendered by his next-door neighbour. During eight years I then made my 
own exact and systematised observations ; and when, at the end of the eight 
years, I left the colony, it was only necessary for me to compare the con- 
clusions at which I had arrived with the accounts which I had received in 
response to my early inquiries, to satisfy my own mind as to what syste- 
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matically organised obserYational Meteorology may be made to do. My own 
work was, nevertheless, carried on single-handed daring the eight years, and 
it now continually recurs to me to feel how infinitely more valuable my own 
results and deductions would have been if I could have had at my command 
some such organisation as we now contemplate here in our present 
proceedings. 

The maintenance of special observations at good central spots for the 
continuous automatic record of the meteorological conditions of the atmo- 
sphere I hold also to be of the utmost practical importance. I certainly 
cannot agree^n the notion that their only practical use is the establishment 
of the law of " diurnal variation." In referring to the various abstracts of 
meteorological information that are now supplied from various sources, I am 
continually impressed with the dimininution of their usefulness from the 
want in connection with them of a continuous record from some standard 
and representative station. Thus, to endeavour to make my meaning in this 
particular more clear by an illustration drawn from a special instance, I 
observe that in Luke Howard's statement of the characteristics of the 
Climate of London, he gives as a deduction from the averaged observations 
of ten years, for the numerical expression of the relative prevalence of north 
and east winds, and of south and west winds, at London, for the first four 
months of the year 

NE. SW. 

January 6-8 7*0 

February 8'2 11-7 

March 98 6-6 

April 8-3 6-0 

Now it is obvious that if this abstract deduction be taken alone a very 
erroneous impression of an important fact is derived. Li these figures the 
long steady continuance of a cold current in these months, which is of such 
frequent occurrence, is broken up and masked by the fusion with it of the 
alternative instances when a warm current of the atmosphere has prevailed 
at the same period. A direct reference to a continuous automatic record of 
the movements of the wind during those months would certainly show that a 
north and east wind blows steadily over London very commonly at that season 
for considerably more than nine consecutive days, which is the longest period 
marked in Luke Howard's record ; and we are all quite aware what an 
important practical circumstance in any reference to the climate of London 
the occurrence and continuance of a north-east wind is. It is the prevalence 
of the north, or of the south, current of the atmosphere, which makes all the 
difference between a genial mildness and a biting inclemency in the season. 

But the maintenance of fixed observatories for continuous standard auto- 
matic records is obviously a task that lies beyond the present pecuniary 
resources, and so outside of the proper functions of a Society constituted like 
our own. It is manifestly one of the paternal cares that the community has 
to receive from the hands of the State. It is a service which has to be 
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provided for itself by the commnnity at large, that is benefited by the 
arrangement, rather than by a narrow section of that commnnity, which* can 
only deal with the more limited and less costly ranges of inquiry. Ob- 
servatories for Standard Automatic Records, Maritime Investigations, Storm 
Warnings, and Weather Telegraphy, are all the proper charge of the State. 
I must frankly confess, however, that I by no means desire to see the 
operations of the State too rigidly limited even to the larger operations of this 
class. I do not assent, by any means, to the dogma that learned Societies 
are necessarily ** emasculated * by Government aid. They would be so if it 
were the practice of the Government to connect with such ai^the condition 
of an autocratic rule claiming proprietary rights in the Society on the ground 
of the assistance. That, however, I need scarcely remark, is a danger which 
in the present day learned Societies have more to fear from within than frtim 
without, — from individuals in their own following rather than frx)m the estab- 
lished authorities of the State. A small help, judiciously appUed, very often 
fosters a struggling spark into a serviceable flame. I have myself known 
such desirable results to follow State aid to science in numerous instances, and 
I certainly hold that science should have every help that can be secured to it. 
To my own mind the advancement of science is a sacred cause which should 
be ministered to by every one to the utmost of his ability, whether acting as 
an individual unit in the mass, or as the administrator of a trust that has 
been placed in his hands for the advantage of his kind. It is, of course, well 
that any Society which is circumstanced like our own, should do all that it 
can, by the strength of its own parposos, and by the application of its own 
intellect and hands, for the cause which it. has at heart ; but it would be 
simply a course of suicidal weakness and folly, on this account, to refuse any 
supplementary assistance that may fall in its way while pursuing its path of 
honest and earnest work. The one indispeusable condition upon which silch 
assistance can be received, namely, the preservation of unqualified inde- 
pendence of action on its own part, is so obvious that it may be taken to be 
self-evident in the circumstances of the case. It is not possible to conceive 
that any body of intelligent and high-minded men, acting together as the 
Managing Council of a learned Society, could lose sight of that condition. 
It, therefore, is an affair that may very safely be left to the current of events. 
The incidental allusion to the influence which the direction of the wind 
exerts upon the weather, suggests to me to hazard a passing remark upon a 
mistake which appears to be somewhat prevalent just now, in consequence of 
some recently published accounts of Dr. Carpenter's notable investigations 
of the movements of the great ocean currents, and of their influence upon 
the distribution of temperature. It is somewhat geneMly conceived that the 
tendency of these researches has been, as was characteristically said to me in 
a note of inquiry from a highly-cultivated and intelligent friend within the 
last few days, ''to depose the Gulf Stream from its long-held position of arch 
guardian of the mild geniality of the English winter." The exact fadt of the 
modification of the theory which has led to this misapprehension is, however, 
merely that it is a vast general superficial movement of the warm waters of 
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the equatorial tract of the ocean towards the north, of which the Gnlf Stream 
current is bat a subordinate part, which insures this result ; and that it is 
by the intermediation of the south-westerly winds, rather than by the 
actual washing of the sea-shore by the warm current of water, that the 
affect is brought about. In reference to the Gulf Stream itself, it is 
proTed that it pretty well loses its direct heating power through thinning 
and diffusion, and through gradual cooling, by the time it has reached 
the Mid- Atlantic meridian of 80° west; but it is abo as distinctly affirmed 
that what the Gulf Stream loses in temperature in this process of cooling 
during its north-westward progress it communicates to the air, and that the 
south-west wind then carries on this accession of a higher temperature with 
it to parallels of latitude far further north than those which include the 
British Isles. The philosophic point that is prominently iuTolved in this 
most interesting arrangement of the movements of the ocean and air, is that 
even in the hottest regions of the globe the surface of the ocean does not get 
heated to a temperature in excess of 86°, because all the power of the sun 
which would be required to raise the water above that degree, is effectually 
employed in converting it into vapour, and in maintaining it in that elastic 
state, instead of in the increase of its sensible temperature; and that that 
excess is again returned to the air as serviceable and sensible warmth, when 
the elastic vapour is deposited in the form of rain or snow. One of the 
expressions which has materially tended to give the strained interpretation to 
Dr. Carpenter's view in regard to the climatic influence of the Gulf Stream, 
is his incidental remark that the great difiference of temperature of the French 
and American coasts, in the same parallels of latitude, must be ascribed to 
the cooling effects of the glacial surface stream which sets southwards along 
the shores of Nova Scotia and the United States, rather than to the warming 
effect of the Gulf Stream upon the eastern sea-board of the Atlantic. The 
real assumption of Dr. Carpenter, however, is that there are two distinct 
circulations in the wide ocean spaces of the earth,— one a superficial circula- 
tion, sustained by the driving power of the prevalent winds, and the other 
a vertical circulation, established and maintained by the direct gravitation 
pressure of heavy cold water upon lighter warm water, and manifested in a 
deep glacial current from the poles to the equator, and in a warm surface 
current from the equator to the poles ; and that the north-western coasts of 
£urope are materially warmed by both these influences. 

The vertical circulation of the great ocean, suggested in the first instance 
by the French philosopher Pouilliet, and since then so strenuously advocated 
by Dr. Carpenter, is necessarily of deep interest to ourselves, on account of 
the marvellous analogy which it suggests between the dynamical mechanism 
of the ocean and the air. The vertical oceanic circulation, if ultimately 
established upon the base which has been assumed by Pouilliet and Carpenter, 
would virtually be an extension of the law of the barometric gradient from 
the atmosphere to the sea ; and would only require that specific gravities ia 
the wide ocean, at determined depths and fixed distances, should be known, 
in order that the set and velocity of the sea-currents might also be expressed 
and formulated. 
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In the Report of the Conncil which has afforded me the opporioxiity for 
these remarks, there is one other topic touched upon which I may perhaps 
also he permitted very hrieflj to allude to, on account of the part I haye 
personally taken, and the interest which I have found, in . suggesting its 
consideration to my colleagues. I allude to the estahlishment ot a Per- 
manent Committee for investigating the phemomena of Atmospheric 
Electricity and the effects of Lightning, and for the diffusion of sound principles 
in reference to provisions made for defence against the destructive meteor. 

In taking up the thread of what I desire to say upon this theme, I can 
hardly neglect to draw your attention to the very admirahle and interesting 
account of the accident from lightning at Boundham Head, near Torquay, 
with which we were favoured at one of our Sessional Meetings in the past 
year hy Mr. D. Pidgeon, who was able to give force to his instructive narrative 
by the argument of ** Magna pars fui,'* which is always interesting from the 
mouth of one who is relating effects which he has himself experienced. I 
should also add, that this narrative, which was printed in the October number 
of our Quarterly Journal, has rendered us a double service, and has laid a 
double obligation upon us, on account of the example which it sets in its very 
clear and exact description of facts, and in its very full and sagacious selection 
of essential characteristics of the way in which it is desirable such communi- 
cations should be presented for the discussions of our Committee. 

One of the most notable facts which is brought under notice in this 
communication from Mr. Pidgeon, is the rupture of the links of the mooring 
chains attached to the bottom of the stays of the flag- staff. The staff itself, 
which was involved in this accident, consisted of a stout mast fifty feet high, 
stayed with four galvanized iron guy ropes at about twenty-five feet from the 
ground. Each wire rope terminated about twelve inches above the ground 
in half-inch cable chains, which were carried down to an anchorage in a 
subsoil of very dry red sandstone conglomerate. 

The entire mast above the attachment of the guys was shattered into splin- 
ters by the lightning discharge ; and three of the mooring chains below were 
broken across, several links in each chain being severed. About twenty links 
altogether were fractured, and of these some were above, and some within, 
the ground. Several of the broken links had been considerably corroded by 
rust, but in those the parts severed were the undiminished portions of the 
iron, and not the segments which had been eaten away by the corrosion. 
In one place a bent hook of one-tenth of an inch iron wire, which had been 
used as a substitute for a previously damaged link, was uniigured by the 
discharge, although several of the links in the same stretch of chain were 
severed. The broken surfaces in the damaged links were bright and crys- 
talline, and gave no indications of the metal having been subjected to great 
heat. It is much to be regretted that the whole of the broken links of these 
chains were not carefully preserved for a further examination of their con- 
ducting capacity. Mr. Pidgeon very kindly did what he could to recover 
them after his attention had been drawn to their scientific value, but onfor- 
innately without success. 
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Seme important practical considerations hang immediately npon the 
liistory of these damaged chains. The great increase in the molecular dis* 
turhance set up hy the discharge at the lower extremity of the conducting 
system in consequence of the insufficiency of the earth contact is very well 
illustrated. The distribution of the disruptive discharge through all the 
several branches of the earth contact is also expressed. Three of the four 
mooring chains, which were directed out to four opposite points of the 
compass, were severed. But the most important circumstance connected 
with the breaking of these chains, is the number of the links which were 
affected by the disruption, and that those which were ii^jured were broken 
through the parts of largest metallic area, and not through the lines of 
diminished section where it might have been expected the greatest resistance 
to the electrical transmission would have been found. Prof. Melsens, of 
Brussels, one of the Foreign Members of our Committee, whose attention I 
have drawn to this circumstance, thinks that the highly crystalline condition 
of the iron of the broken links indicates that those parts of the chain had 
already [undergone considerable molecular disintegration and change sub- 
sequently to their first attachment to the guy ropes, in consequence of the 
incessant vibration to which they had been subjected under the play of the 
wind, and he believes that they had been thereby reduced to their lowest 
cohesive capacity at the spots where the disruption occurred. He takes the 
uninjured integrity of the new piece of fibrous wire of so much smaller di- 
mensions as furnishing a substantial proof of this view of the matter. 

In further illustration of the point which is here glanced at, namely the 
{Mwer of electrical discharges of high tension to produce molecular disturbance 
in even conducting metallic substance, I have another very curious instance to 
place before you. Some years ago it happened, during a severe thunderstorm 
in Natal, that a small house of public entertainment, known as the German 
House, and standing upon the high road between the seaport and the capital, 
'was struck by lightning and burned. Upon one part of the ruin, where there 
had been a tin box containing money, the curious object which I now present 
to the Meeting was afterwards found, as all that remained of the tin box and 
the money. It consists of a fragment of a half sovereign in gold insepara- 
bly welded to a little piece of tinned sheet iron. The entire fragment weighs 
75 grains, and of these about 80 grains are gold, and the rest iron. Some- 
thing more than half of the gold coin has disappeared, and the remnant is 
eaten out into an irregular crescentic form, with one blunt horn projecting 
beyond the iron. The rest of the gold piece, comprising about one third of a 
square inch of superficial area, is metallically connected with the iron by an 
actual brazing together of the particles of the iron and the gold, and the 
tinned surface of the iron beyond the attachment is bronzed by a thin film of 
gold particles that have been scattered over it at the instant of the brazing. The 
fragment of the iron plate is an inch long, by three-fifths of an inch broad. 
The ' gnawed out ' aspect of the gold coin, where the renmant has been left by 
the electric tooth which has consumed the rest, is very curious. A marginal 
band of lighter-coloured gold, that looks as if it had been alloyed so &r 
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either with tin or iron, is set ronnd the siauons edge of tlie erosion, and 
there is a central ' pivot-head ' like spot in the middle of the attachment of 
the iron and gold which is characterised hy the same ' amalgam-like * hoe. 

Professor Melsens, who is Professor of Physics and Chemistry at the 
School of Veterinary Medicine of the Belgian Goyemment in Brossels, and 
to whom I have already made some allasion, as one of the Foreign Members 
of oar Lightning Bod Committee, has been for some time engaged with a 
very interesting series of experiments in regard to the capacity of copper and 
iron to transmit electrical force, and to the disintegrating effects that are 
produced by discharges of high tension. When I was recently in Brussels, 
the Professor did me the favour to show me many of these experiments at 
his laboratory, and to explain his views at some length, and it gives me great 
satisfaction to have this opportunity to make a somewhat public ackuowledge- 
ment of the consideration and courtesy which I received at his. hands upon 
that occasion, as well as of the readiness he has shown at other times to give 
me his aid and counsel. 

In one of his experiments, Mens. Melsens undertakes to demonstrate that 
the old electrical dogma, which affirms that an electrical discharge of necessity 
* takes the shortest and easiest path, is one that needs to be entertained with 
distrust and doubt. The Professor has constnicted a kind of gridiron of 
metal, which has a straight stem of large size passing as a direct road through 
its centre, and also a series of roundabout lateral passages formed by 
small wires ranging on the right and on the left of the central stem. When 
energetic discharges from a Rbumkorff coil are passed through the short, 
direct, and amply capacious route of the large central stem, smart shocks are 
simultaneously communicated to any finger that is presented to the small 
lateral wires. The electrical discharge here manifestly passes through the 
whole metallic mass, and not only through the most direct path of its straight 
central stem. A considerable amount of the escaping force goes oat of its 
way to traverse the roundaboat and devious route of small capacity, although 
the broad straight path of large capacity is open immediately before- it. The 
equal distribution of the electrical discharge through many possible routes of 
conducting material is also ingeniously and pleasingly shown by offering 
a number of very fine wires of equal capacity to the discharge, when the fact 
that they all contribute in an equal degree to the conveyance of the force is 
proved by the entire series of wires being * curled * and waved after the dis- 
charge, m consequence of the molecular disturbance that has been set up in 
them during the passage. Professor Melsens also draws attention to the 
remarkable and interesting circumstance, that in this experiment all the 
several wires are curled and waved in exactly the same way, each wire having 
its undulations in the same place, and of the same length, like the nodal 
arrangements in the vibrations of a stretched string of equal tension and size, 
but the ' facile princeps,' so &r as interest is concerned, of the nomeroos 
experiments of Mens. Melsens is, I think, one in which he investigates the 
relative * tenacity* of copper and iron when subjected to the disintegrating 
dispersion of electrical discharges of high tension. The arrangement oonsists 
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in placing very fine wire of copper and of iron in the path of a powerful 
battery discbarge. The wires are carefully selected, and adjusted so as to 
be of precisely the same size and length, and the same discharge is passed 
through both the copper and the iron. The discharge employed is that of 
fifteen very large Leyden jars grouped together as a battery. After the 
discharge has been passed, it is found that the copper wire is dissipated into 
a trail of black dust, while the iron wire is not even broken across, bnt is 
' beaded *> along its entire length by a series of successive protuberances. 
In this experiment it is clearly demonstrated that copper, which is almost 
universally accepted as the most reliable metal for powerful electrical dis- 
charges, is much more easily disintegrated by their action than iron, notwith- 
standing the well-known fact that it is more heated by them than copper. 

I gladly availed myself, during my agreeable visit to Professor Melsens, of 
the opportunity to examine very carefully, under his competent guidance, the 
details of the arrangements which he has adopted for the protection of the 
fine old HCtel de Ville of Brussels from the injurious effects of lightning ; a 
work which is now of European celebrity. In this system of defence, iron 
rods of adequate size are carried out to all the salient projections of the 
building, and are there protruded into the air in a series of pointed terminals, 
of which some are grouped around and above the gilded statue of St. Michael, 
that stands at the top of the central tower of the facade, overlooking the city 
from its giddy height of 298 feet. There are about 428 points, large 
and small, and the rods which descend from these points are collected 
below into a group of eighteen main stems, which are enclosed together in a 
wooden cctse, and then made into a continudus metallic mass, by pouring 
around them, in the interior of the case, molten zinc. On emerging from 
this connected block beneath, the eighteen rods are sorted out into three 
parcels, which thus contain six rods each. The first of the series of six is 
then carried down to a large iron cylinder, sunk ten feet into the moist 
ground, and firmly soldered to it. The second parcel is soldered in a similar 
way to one of the large iron pipes of the water supply of the town ; and the 
third parcel is soldered to one of the large iron mains of the gas service of 
the town. By these admirable expedients a multiple earth contact is finally 
secured, which, to use Mons. Melsens* own words, comprises not less than 
twenty miUions of kilogrammes, or twenty-two thousand English tons of cast 
iron tubes. Some of the other public buildings of Brussels have been 
furnished with lightning conductors upon a similar comprehensive plan, but 
from conversation with Mons. Melsens, I gleaned that he entertains the bold 
and magnificent design of getting the entire town some day connected into 
one continuous system of protection, which shall be to the entire city what 
the bristling points and multitudinous rods of the Town Hall now are to its 
gables and pinnacles ; a purpose to which the \6ry great compactness of the 
town obviously lends itself. 

The great leading characteristic of this very noble work of Mons. Melsens, 
which most impresses itself upon the mind of the intelligent and critical 
observer, who looks down upon the bristling points from a near approach to 
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Bt. Michaers footstool, and then examines the subterranean earth contacts, 
as I did in the pleasant company of the distingoished electrician, is the bold- 
ness and uncompromising completeness with which the fundamental ideas of 
a very ample development of air terminals aboye, and of earth contacts 
beneath, is acted upon ; an allegiance to correct theory and principle which 
I cannot but think it would be well for our own electrical engineers to keep 
more prominently in mind than is sometimes done in oar own practice. 
Within the last few weeks a letter has been sent to me by my friend, the 
Secretary of the Society of Arts, suggesting that there must be a serious- 
mistake in the printed report of a statement I was said to have made that the 
French electricians employ 1,196 square yards of earth contact for lightning 
conductors, because 1,196 square yards are equivalent to nearly a quarter of 
an acre ! And again, it is no uncommon thing to hear even practical electricians 
in England speak of a lightning rod as being sufficient for its work if its base 
is but placed as low in the earth as the foundations of the building that is to 
be protected. It will, however, be at once perceived what an important 
bearing upon this too confident doctrine Mons. Melsens' demonstrations of 
the erratic propensity of the impulsive meteor to travel by devious ways when 
in states of high tension, have. In the assumption that if the lightning be 
but furnished with a metallic conduit, so far as the vertical extension of a 
building is concerned, that is all that can be reasonably required, sight is 
entirely lost of the great practical principle that the erratic tendency of 
lightning— or, in other words, the high tension of' its energy— is enor- 
mously increased with each fresh impediment that is offered to iis free outflow 
from the lightning rod below ; and that a lightning rod which is entirely 
efficient and safe when it has a quarter of an acre of an earth contact below, 
becomes inefficient and eminently dangerous to all objects that are near to it 
when the quarter of an acre is exchanged for a single square foot of earth 
contact. In the one case the electrical discharge flows evenly and placidly 
through the conduit that is provided for its conveyance, without having much 
more inclination to leap aside from its proper path than the voltaic current 
has to leave the telegraph wire furnished for its transmission. But in the 
other case, it bursts through the same conduit with a fitful, disturbed, and 
ill-conditioned progress, and with an impetuous and fretfrd impulse to find 
lateral outlets and devious ways, and to set up, by escape through them, the 
various unpleasant results which are known under the general designation of 
the return shock. I have thought it well thus, once again, to return to this 
particular article of what I hold to be heretical doctrine, on account of the 
great practical importance which it has upon sound practice in the work of 
protection from lightning. 

I think that, without venturing to make any further demand upon your 
indulgence and patience, I may hope that I have said enough in these inci- 
dental remarks to establish the argument which I have had mainly in view, 
namely, that there is good open ground, even in this well- worked field of 
research, for the useful and advantageous employment of our Committee. 



REPORT. 49 



REPORT OF THE COUNCIL, 

Read at tlie Annual General Meeting, Jannary 19^A, 1876. 

The Council haye much pleasure in presenting this Report to the Society, 
not only because they can show a large amount of work during the past 
year, but also because they are able to point to a considerable increase in the 
bulk and quality of the Quarterly Joumab, and to a large addition in the 
number of Fellows elected, without a corresponding decrease from resig- 
nations or death. 

Mention was made in the Report read at the last Annual Meeting, that for 
the more efficient conduct of the business of the Society, the Council had ap* 
pointed a House Committee to consider various matters connected therewith, 
and to report the results of their deliberations. This Committee has met at 
least once a month during the past Session, and has been of great assistance 
to the Council. The Council may also refer to the labours of the Editing 
Committee of the Quarterly Journals, which have been greater than here- 
tofore, in consequence of the Journals requiring more time and care in 
preparation than in past years. They also determined to merge the Form 
Committee in the Station Committee, as the schedules for the use of the Society *8 
observers have been settled, and the services of the former Committee were 
no longer required. The Council feel that they have received such valuable 
aid from all these Committees as to justify them in expressing a hope that 
their successors will continue the system so successfully introduced. In 
addition to these a Permanent Committee has been appointed on Lightning 
Conductors, which, it is hoped, will assist, amongst other points, in deter- 
mining the best forms and materials of conductors for the protection of 
buildings from lightning. 

The members of these Committees are : — 
House Committee. — The President, three Secretaries, Mr. Brooke, Mr. Eaton, 

and Mr. Field. 
Editing Committee. — The President, Mr. Cator, and Mr. Scott. 
Station Committee. — Mr. Eaton, Mr. Scott, and Mr. Symons. 
Liohtnino Rod Committek. - The President, (Dr. Mann,) Mr. Brooke, 
Mr. Preece, Mr. Scott, Mr. Symons, Mr. Falkner of Manchester, 
Mr. Gray of Limehouse, M. Melsens of Brussels, M. Francisque Michel 
of Paris, and Professor Zenger of Prague. 

During the recess, the room which is used for the Office and Library, at 
80 Great George Street, has been thoroughly cleaned, the ceiling whitewashed, 
anew carpet laid down, and the walls re-papered and varnished. Several 
further improvements have also been effected, additional chairs provided, and 
the room made in every respect more comfortable. 

Numerous additions have been made to the Library by di£ferent Societies, 
Institutions, and individuals, especially, amongst the latter, by the Astronomer 
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Royal, the Meteorological Committee^ and Mr. Simons. A number of books 
have been bound during the year, so as to be available for loan to the 
Fellows. 

The Assistant Secretary, Mr. Marriott, has completed the Catalogue of the 
Library to December 81st, 1875, which is now being printed, and will be 
issued to the Fellows in the course of a month or so. It has been prepared 
according to subjects, as it was thought that this form would be most usefcd, 
with the addition of a reference index at the end. The Council hope, if any 
of the Fellows have duplicates, or any meteorological books which they do not 
require, that they will forward them to the Society. 

The observers at the series of stations organised last year have furnished 
returns since January 1st, 1875. The following report of the inspection, by 
Mr. Symons, shows what has been done to insure accuracy and uniformity, 
and is especially valuable, giving a complete description of each station, 
besides a ground plan, on a uniform scale, of the position of the varions 
instruments. (Plates 11. -Y.) 

Report upon the Stations organised under the direction of the Meteorological 
Society. 

The Meteorological Society, since its incorporation in 1866, has kept con- 
stantly before it the establishment of a limited series of Second Order 
Stations of the highest excellence. The Councils, however, took no action 
until 1874, because it was felt that it was undesirable to do bo until they 
were prepared to organise the stations perfectly, and to thoroughly discuss 
the results. 

During 1874 a Sub-Committee, appointed by the Council, held frequent 
meetings to deliberate on the question, to select the observers, to decide upon 
the requirements which the observers should be called upon to meet, on the 
instruments to be used, the hours at which they should be read, and generally 
upon all the points necessary to secure the nearest possible approach to 
uniformity. All these points having been settled, the following questions 
were issued to those persons who volunteered to become observers : — 

1. What is the amount of open space available for a thermometer- stand 
and rain gauge ? Please give a rough plan, and indicate trees by a x . 

2. Please state which of the following instruments you possess, and place 
a mark against each one which has been verified, and state if you hold the 
certificate : — 

Standard or Kew pattern barometer. 

Dry thermometer. 

Wet 

Max. „ 

Min. „ 

Sun Max. „ 

Grass Min. „ 

Bain Gauge. 
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8. Are your thermometers in a louvre ^boarded screen erected independently 
of buildings ? If not, would you be willing to obtain, or to employ, such a 
stand? 

4. Do you know accurately the height of your station above Ordnance 
Datum (mean sea level) ? If so, state it, and how ascertained. 

5. Would you be willing to fill up the enclosed form with daily observa- 
tions made at 9 a.m. and 9 p.m. local time ? (The Society's large form was 
enclosed.) 

6. In case the Society accepts your offer, and directs one of its officers to 
call upon you respecting it, kindly state the nearest railway station, and any 
periods when you are likely to be absent. 

The replies having been duly considered and the undesirable stations 
rejected, it was next decided that every station should be inspected, and the 
observer personally instructed in the use of all the instruments, &c. so as to 
secure uniformity of procedure. This course was adopted, although it was 
well known that several of the newly- selected observers had been making 
meteorological observations for many years. Still they felt that it was so 
useless to start any stations except those of the highest quality, that they 
resolved, regardless to expense, to do every thing in their power to render 
them as nearly perfect as possible, and they applied to the Council for a total 
sum of £70; JB50 in the year 1874, and £20 in 1875. The Council granted 
their request, and in order to secure efficiency in the inspection, the follovnng 
form was employed i-r— 

Primary Inspection of Stations. 

Instructions and Report. 

Observer Station County 

Lat : Lon : 

Altitude above Ordnance Datum , as ascertained 

by 

Description of station, locality, angle and azimuth of slope of ground. 

Draw plan showing position of instruments, trees, and walls, and noting 
their height. 

Mark permanent meridian line. 

What means exist for (1) determining and (2) keeping time accurately ? 

Is locality suitable for an anemometer ? 

What arrangements have been made for securing continuity of record 
during illness or absence ? 

Does observer thoroughly understand decimals, and the mode of takings 
Recording, and reducing observations ? 

Barometer. 

Ascertain that it is (1) vertical, (2) in good light, (8) sheltered from sun, 
(4) free from air, (5) not Hable to sudden changes of temperature, (6) that the 
"Vernier is correctly divided. 
Beading of thermometer in case , Aneroid No. 1 , No. 2 , No. 8 

„ „ station barometer attached thermometer, 

„ „ do. (by observer) do. 
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Thebmombtess. 

Refer to and copy certificates. 

Place all thermometers, and the case one in a laige basin of water of as 
nearly as may be the temperature of some room not liable to change ; after 
repeatedly stirring the water and allowing an hour to elapse, read as 
follows : — 





(Two sets to be taken not less than 15 minntoE 


1 apart.) 




Time 


Case 
Ther. 


Maz. 
No. 


Min. 
No. 


Dry. 
No. 


Wet. 
No. 


Grass. 
No. 


Case 
Ther. 


• 
• 

















Examine muslin and water supply of wet bulb, and instruct observer as to 
management in frost. 

Examine tops of tubes of minimum thermometers. 

Ascertain that the observer reads his thermometers square. 

Are the thermometers hung at proper angles ? 

Is thermometer stand ever in shade ? If so, when ? and from what ? Is 
it firmly fixed ? What is its colour ? Does the door open to N ? What is 
the height of the bulbs above grass ? Are the thermometers steady ? 

How is the max. in sun mounted ? Is it shaded at any hour ? or season ? 

Is the grass min. folly exposed ? Is the grass kept of uniform length ? If 
80, of what length ? What is the least distance from the bulb to any surface 
of gravel, stone or soil ? 

Bain Gauge. 



Construction 
Diameters ; 

Equivalents ) In. *01 
of water. ) Gr. 



M^er 



Height of top above ground, 



•02 



►08 



„ ,, sea level, 
04 : -05 . 



ft. 
ft. 



m. 
in. 



Objects 


Azimuth 


Altitude 


Objects 


Azimuth 


Altitude 















Elevation and 

bearing of 

objects. 



Instruct observer as to measurement of snow. 

Go through the Meteorological Society's form, and ascertain that the 
observer correctly understands every portion of it. 

Done this day of 187 

(Signed) 
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AU the stfitions in EDgland and Wales have since been visited by Mr. 
Symons, some of them more than once. All nnverified thermometers have 
been sent to Kew Observatory for comparison, and all verified ones (except 
those so recently compared that no change of zero point was possible) have 
been compared. Ground plans of all the stations have been drawn on a 
uniform scale of an inch to 20ft., meridian lines have been set out, and 
generally every possible care has been taken to perfect the organization. 

With only two exceptions, all the observers had had previous training, 
and were known to be equal or superior to the average standard of observers ; 
and as they nearly all hold University degrees, it will readily be understood 
that there was little difficulty in securing thorough efficiency, although, no 
matter who the observers may be, inspection must be repeated at irregular 
intervals. 

Aberystwith. 
The Corporation of this fashionable watering place purchased, in or about 
1878, a set of standard meteorological instruments of good quality, and also 
a Stevenson^s thermometer screen. After some correspondence, I called, in 
August, 1875, upon Mr. Morris Jones, F.M.S., the Medical Officer of Health, 
to whom the instruments had been intrusted, and by whom they were being ob- 
served. I found him most anxious that his observations should be correct, and 
' ^willing to give any necessary time to the subject ; but his observations were of 
extremely little use, the thermometer- stand and rain-gauge being in an ex- 
cessively small garden quite overshadowed by his own and adjoining houses. 
After some consultation, and an examination of other localities, I told him 
thaX the best plan would be to apply to the Town Council for a portion of the 
Castle Grounds. I accordingly wrote to the Town Clerk, and the Council 
acceded to the request, granting the use of a small space at the extreme 
^^est of the grounds, which is protected from molestation. This position is 
t^he most exposed which the Society possesses, but I believe that the £iir 
^^hich vrill enter the thermometer screen will be in all respects similar to 
"that which enters all the houses along the mile or so of sea front. The rain- 
^aage will be placed on the lawn, near the theimometer stand, and will be 
surrounded by a checal defrise, — This station was revisited November 6th, 
X875, and the observer thoroughly instructed. 

Abingdon. 

The instruments here are all of the best kind, the barometer, one of 
^ronghton and Simms's, by whom Mr. Belcher's transit and other apparatus 
tiad chiefly been supplied. The instruments are in a large garden 
attached to the brewery, and the position is good. Mr. Belcher, however, 
finds it impossible to make observations at 9 p.m., and therefore, although 
in all other respects very suitable, his is ineligible for a station of the second 
order. The only difficulty being lack of time, it is not impossible that 
eventually this may be surmounted. 

AuDLEY End. 

This station is at Lord Braybrooke's seat, near the banks of the Cam, about 
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twelve miles south of Cambridge. The instruments are, however, the property 
of, and the observations are taken by, the head -gardener, Mr. Bryan, who has 
had many years experience as a meteorological observer, and whose previous 
observations were in nearly all respects so good as to require little change. The 
barometer had air in the tube, and being of a bad construction I could not 
expel it, and had to send one of my own down for temporary use. No plan of 
the present site of the instruments was drawn because Mr. Bryan expected 
shortly to remove to another part of the estate, where a clear site for the 
instruments was selected. 

Bath. 

The observer hero also has had many years* experience, and the apparatus 
is all perfect. The observations are made in the garden of Dr. Barter^s 
house, on the west side of Gay-street, near its northern and higher end. The 
size, &c, of the garden is shown by the accompanying map, and though the 
house is so lofty that the stand must be in shade in the early morning houn, 
I think the distance, 150 feet, is such as to prevent the results being sensibly 
influenced. There is always much difficulty in getting good sites for obser- 
vations in the heart of cities or towns, and that at Gay- street, Bath, is 
decidedly better than the average, and, I consider, satisfactory—- except, 
perhaps, for records of wind. Full sets of observations are taken at 9 a.m. 
and 9 p.m. This station has been inspected twice, viz. in 1874, August 10th ; 
and in 1875, November 2nd. 

Brighton. 
The Town Council, at the suggestion of the Medical Officer of Health^*- 
purchased a set of standard instruments, and they were on the point of bein^- 
erected when I visited Brighton and called upon Dr. Taaffe. I examined the 
instruments and found them very good, but the stand to which it was intendeds 
to affix the thermometers was so bad in design that I recommended its rejec*^ 
tion and the purchase of a Stevenson instead, which was agreed to. I then - 
went to the Steyne Gardens, where it was intended the instruments should be 
erected, and for which purpose the Town Council had given Dr. Taa£G9 
permission to enclose the necessary space. I selected a site and marked it 
out, instructed Dr. Taafle in the reduction of the observations, and left under 
the impression that regular observations would be made at the proper hours 
*of 9 a.m. and 9 p.m., and that thus Brighton would in all respects set a 
worthy example to other health resorts. I am^ however, sorry, both for the 
sake of this Society and of Brighton, to be obliged to add that Dr. Taaffe has 
notified his inability to take 9 p.m. observations, and therefore that for most 
purposes the records are valueless. 

Buxton. 
This is one of the best of the Society's stations. The instruments are the 
property of the Devonshire Hospital and Buxton Bath Charity, and are 
erected on the Hospital grounds in an extremely good position. The obser- 
vations are taken by Mr. E. J. Sykes, F.M.S., an observer of considerable 
experience, and are in all respects perfectly satisfactory. 
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Calcethorpe, Louth. 

station is on high ground about seven miles west of Louth; the 
of the instrmnents is perfect, being on a large, nearly treeless, lawn, 
3 only separated from a large grass field by a sunk fence. The 
3nt8 are all correct, and I believe the observer, Mr. D. Grant Briggs, 
to be both punctual and accurate. 

Cardiff. 

7. Adams, C.E., has promised that copies of the observations made 
kherbtown, Cardiff, shall be forwarded to the Society. I have 
3 tested his instruments and found them unusually accurate: the 
, for a town station, is moderately good, but the observations are only 
9 a.m., and a Glaisher^s thermometer stand is employed. 

Carmarthen. 

Foint Counties Asylum, otherwise, and originally,, called Job's Well, 
»n the brow of a hill about a mile south of the town. The instru- 
xe placed in the private garden or lawn of the principal Medical 
Dr. Hearder, and the observations are mostly made by him ; — in his 

however, they are taken by others of the resident medical staff, 
lition is very open and satisfactory, except perhaps as regards the 
eter, which must be shielded from northerly winds by the building, 

upwards of 400fb. long. 

Che ABLE. 

trict title of this station should be The Heath House, but Cheadle is 
eferably as better indicating the locality. The Heath House, in part 
rounds whereof the instruments are placed, stands on the slope of a 
very much below its summit. The observations are sometimes taken 
3wner, John Capel Philips, Esq., and sometimes by his bailiff, but 
.d correctly and are good observers. All the instruments are of the 
d. 

Crowborough Beacon Observatory. 

is, with one exception, the highest point in Sussex, and commands 
the whole south-east of England, London, Chatham, Hastings, 
me, Brighton, the Isle of Wight, and Windsor, with the intervening 
lying spread around. The instruments are placed, in an enclosed 
of a nearly level field at some distance from the Observatory, and in 
ects satisfactorily. The observer, Mr. C. L. Prince, F.R.A.S., 
&c. is well known as a veteran and able observer, while his work on 
imate of Uckfield " is an additional testimony to his qualifications. 

Dartmoor. 

jtation here is in the garden of the principal Medical Officer of the 
prison. Dr. R. E. Power, F.M.S., and the position and exposure of 
irumeats is very satisfactory. The ground is level, nearly l,400fb. 
le sea, and not dominated by any adjacent hills. The observations 
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are made with regularity generally by Dr. Power, but in his absence by 
trained subordinates, so that, as at most other stations, absolute continuity of 
record is ensured. No good barometer was at the station when I called, but 
one for Dr. Power has recently been verified at Kew, 

Hawes. 

This station, in the NW of Yorkshire, was not fully organised when I 
▼isited it, but the instruments have since been compared (they were of the 
best quality), a proper thermometer stand has been purchased and erected on 
a spot in the Vicarage garden selected by myself, I gave the Rev. Dr. Parker 
due instruction, he has the advantage of residing within a few miles of 
Rev. F. W. Stow, who is acquainted with all the best methods of observation ; 
and I have, on all these grounds, no doubt that thorough confidence may be 
placed upon the records of this station. 

Hereford. 

This is an entirely new station, organised at the County Asylum by the prin- 
cipal Medical Officer, Dr. T. A. Chapman. The asylum is within about two 
miles of the City, in an open level tract of country. The instniments are placed 
on the lawn attached to the Medical Officer's residence, and the exposure is 
perfect. From Dr. Chapman's known skill and energy,. there is no doubt 
that the observations at this station will be in all respects satisfactory. 

Hestholm. 

This station, near Ayspjarth, and about eight miles east of Hawes, can only 
be regarded as a temporary one, since the observer, Rev. F. W. Stow, 
M.A., F.M.S., will shortly remove to a new Rectory at Aysgarth, where 
the arrangements will be specially adapted to meteorological work. The 
present station is at the bottom of the valley, close to the River Ure, and only 
a few feet above the level of its banks. The instruments are perfect, and it 
is almost needless to refer to Mr. Stow's skill as an observer, but the position 
is not unexceptionable, and his deputy observer, or rather his second deputy, 
requires further training. I have no doubt that both these matters will be 
rectified on his removal to Aysgarth. 

HiLLINGTON. 

This station is distant about 8 miles NE of King's Lynn, in Norfolk, and 
about 4 miles E of the Wash. The station had originally been a third 
order one, but the Society needing a good station in the district, the Rev. H. 
Ffolkes, F.M.8., kindly obtained such standard instruments as were necessary 
to complete the equipment of his station, and undertook to observe at 9 p.m. 
as well as at 9 a.m., which he had been in the habit of doing for many 
years. Although there are woods in the neighbourhood, the station is quite 
open, and the details are satisfactory. 

Llandudno. 
This is an old-established station. Dr. Nicol, F.M.S., having been observing 
since 1860. He offered observations to the Society in November 1874, and 
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the station was inspected November 9th, 1875. The position is not so free 
from trees as is desirable, and being completely sheltered from northerly 
winds by the high land of the Great Orme*s Head, the results probably differ 
slightly from those which would be obtained from a station on the lower level 
isthmus. I cannot, however, see any valid objection to the station, which I 
regard as a most important one, and fairly representative of the less exposed 
parts of North Wales. At my suggestion. Dr. Nicol purchased a Stevenson 
stand, so as to bring his station into conformity with the rest of the Society's 
stations. 

Mablborough. 

There being some difficulty in obtaining 9 p.m. observations at the College, 
the observer, the Rev. T. A. Preston, M.A., F.M.S., kindly started an entirely 
fresh set of observations in the garden of his house. The Green, Marlborough. 
A more open position might be desired, but I do not think that any 
perceptible difference would be detected. Mr. Preston desired to make, and 
has, I believe, succeeded in making, his records perfect in all respects. The 
anemometer and a check rain-gauge are placed in another garden, where it 
was thought the wind observations would be more accurate. 

Melungton Hall. 

This very important station in the east of central Wales has been in- 
spected, is provided with perfect instruments, but is not finally and completely 
organised. The observer, Philip Wright, Esq., F.C.S., F.M.S., is adding to 
the Hall, and re-arranging the gardens : in so do'jig, a space will be specially 
devoted to the meteorological instruments, and a ground plan will then be 
supplied ; meanwhile they remain on ^e edge of the lawn, in a very good 
position, quite uninfluenced by buildings or trees. Mr. Wright has had 
several years' experience as an observer both in England and at Mentone, and 
is perfectly acquainted with the duties ; his head gardener is also trained, and 
reported to be a competent substitute ; all calculations are, however, made by 
Mr. Wright. 

Pentybch. 

This station is in a gorge, or rather just at the south end of a gorge in the 
Taff valley, about six miles north-west of Cardiff. The instruments are in 
a small front garden well exposed to the south, but much sheltered in the 
north. The observer having found it impracticable to take 9 p.m. observations, 
and objecting to the pattern of staad adopted, it is unnecessary to enter into 
fnrther details. 

Eamsgate. 

This is a well-placed station at the outskirts of the town of Ramsgate, the 
instruments being placed in the garden of St. Augustine's Monastery, and the 
observations made by the Fathers in residence. The instruments were good, 
and Father Quelch, who was in charge when I inspected the station, appeared 
to thoroughly understaild the work and be an able observer. 

Strathfield Tubgiss. 
This station is so well-known from the experimental work carried on there. 
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Observer. 
Station, 
County, 



M. Jones, Esq., L.B.C.P., 
F.M.S., Castle Ground, 
Aberystwith, Cardigan. 

W. Belcher, Esq., Ock Street, 
Abingdon, Berkshire. 



Mr. J. Bryan, The Gardens, 
Audley End, SafiEron 
Walden, Essex. 



C. S. Barter, Esq., M.B., 
Gay Street, Bath, 
Somerset. 

R. P. B. Taaffe, Esq., M.D., 
The Steyne Gardens, 
Brighton, Sussex. 



Latitude, 

Longitude, 

Altitude, 



E. J. Sykes, EBq.,'F.B.A.S., 
F.M.S., Devonshire 
Ho8pital,Buxton,Derby. 



D. G, Briggs, Esq., F.M.S., 
Caloethorpe Manor, 
Louth, Lincoln. 



52° 24' N. 
4° 6' W. 



51° 40 N. 
1° 1/ W. 



52° i' 20" N. 

0° 13' 20" E. 

164 feet. 



W. Adams, Esq., C.E., 
t)rockherbtown, Cardiff, 
Glamorgan. 

G. J. Hearder, Esq., M.D., 
The Asylum, Carmar 
then, Carmarthen. 



J. 0. Philips, Esq., The 
Heath House, Cheadle, 
Stafford. 



C. L. Prince, Esq.,FJl.A.S., 
F.M.S., Crowborough 
Beacon Observatory, 
Tunbridge Wells, Sus- 
sex. 



B. E. Power, Esq., L.B.C.P., 
F.M.S., Dartmoor 

PziBon, Devon. 



51° 23 
2° 23' 50'' 



o"N. 

W. 

143 feet. 

50° 50' N. 
o^ 8' W. 
30 feet. 



53° 16' N. 

1° 55' W. 

1,000 feet. 



53** 23' N. 
0° Y W. 
382 feet. 



51° 28' N. 

3° 10' W. 

41 feet. 



51° 52' 



N. 
4° 18' W. 
195 feet. 



52° 28' N. 
1° 5/ W. 
644 feet. 



o*» g' 30" E. 
828 feet. 



50^33 
3° 59' 



.'/ 



2" N. 
6"W. 
1,400 feet. 



Description of Station, 



Ground slopes gently from east and west 
ments, drops about 30 feet abruptly t 
Very exposed position. 

In garden attaehed to brewery, quite leveL 



Square grass plot 20 feet by 20 feet, ground 
The instruments are at present in anol 
the grounds, about 100 yards distttnt. 



Garden of house on west side of Guy Street i 
and upper part of the City. 



Near the southern extremity of the Steyne G 
protected from the full force of the 
south-west sea winds by the building 
sea. 1hey, however, only rise to a si 
being some hundred feet distant. 



High ground, very open, and nearly leveL 



Garden in rear of house. Ground leveL 



Medical Officer's garden, ground nearly leve 
the summit of ground surrounded 
about 150 feet lower. 



On one of the highest points in the soc 
England, the observatory oommandB t 
almost the whole of Sussex and mud 
and Surrey. The instruments are soutl: 
the Observatory, but at such a distant 
height does not affect the results. 

Lmnediately south-east of the Prison Bui 
very high and nearly flat land, not slo] 
than 10° or 15°— lowest towards north-ei 
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r of deitT- 
mg time. 



Signal in 
at and Town 



Instroment 
Observatory 



Ugnal Chro- 
itor and 
elock at the 



Signal and 

08 
B. 



public 



ms public 
B in the 

Ity. 



laock. 



itainedfrom 
1 Post Office 
Kept by Be 
good clocks. 



Signal and 
rer's watch. 



fcainedfrom 
Office at 

arthen and 
by obser- 

waich and 

hi English 



i compari 
with rail 
elock at 
ireU. 



bouBtniment 
llMerratozy 



ih Station 
by, and 

dock care- 
regulated 

y belonging 



Suitability q/ lo' 

calityfor an Ane- 

monuter. 



Good site available. 



No suitable posi- 
tion. 



No suitable posi 
tion, tall trees in 
most parts of the 
grounds. 

No suitable posi- 
tion, except on 
buildings. 

No very suitable 
position ; there 
is an anemome- 
ter on the old pier 
i mile distant. 



Only suitable po- 
sition on a build 
ing where there 
is a Bobinson's. 

The instrument at 
present in use 
would be in a 
good position if 
raised to get clear 
of trees. 

Locality unsuit- 
able for an ane- 
mometer. 

No suitable posi- 
tion ; the Asylum 
shelters more or 
less all the sur- 
rounding ground. 
One is, however, 
at work on the 
spot shown in 
the plan. 

No suitable posi- 
tion. 



An Anemometer at 
work in a suit 
able position. 



An Anemometer 
oould be well 
placed in the 
Tioinity. 



Arrangements for 

recording during 

Observer's absence. 



Borough Surveyor 
is quite compe- 
tent. 

No arrangements 
can be made at 
present. 

Assistant Observer 
trained. 



An Assistant Ob- 
server will be 
trained. 



Exposure of Ther- 
mometer Stand. 



One Assistant Ob- 
sever is trained, 
and another will 
be as far as pos- 
sible. 



Two Assistant Ob 
servers trained. 



Assistant Medical 
Officer always 
present during 
Dr. Hearder's ab- 
sence. 



Assistant Observer 
trained. 



.. 



Solar Radiation, 
Terrestrial 
Radiation, 



Exposure tho- 
roughly good. 



Exposure tho- 
roughly good. 



Exposure tho- 
roughly good. 



Almost always in 
shade from 
trees. 

Probably sh&ded 
in the after 
noon, in the 
extreme depth 
of winter, by 
distant houses. 

In shade after 
7 p.m. from 
Hospital build- 
ings. 

Probably in 
shade for a few 
minutes, about 
7.30 a.m. in 
November. 



Slightly in shade 
in winter from 
a tree. 



Will be 
roughly 
posed. 



tho 
ex- 



There are three 
trained Obser- 
vers in the estab- 
lishment besides 
Dr. Power. 



Thoroughly 
posed. 



ex- 



Thoroughly 
posed. 



ex- 



No instrument. 
No instrument. 



No instrument. 
No instrument. 



No instrument. 
Good instrument, 
well placed. 



Mounted on wires 
from wall. 
Well placed. 

Instruments not 
yet mounted. 



The instruments 
will be well 
mounted and 
properlyplaced 

Good instru- 
ments, properly 
mounted and 
well exposed. 



No instruments. 



Will be properly 
mounted and 
well exposed. 
Good instru 
ments well 
placed. 



Good instru 
ments pro 
perly mounted 
and well ex- 
posed. 



Not yet in posi- 
tion. 

Good instru- 
ment fully ex- 
posed. 
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Observer, 

Station, 

County. 



Latitude, 

Longitude. 

Altitude, 



Description of StatioJU 



Bey. J. Dunne Parker, 
LL.D., F.M.S., Hawes 
Vicarage, Yorkshire. 

T. A. Chapman, Esq., M.D., 
The Asylum, Hereford, 
Hereford. 



Rev. F. W. Stow, M.A., 
F.M.S., Hesthohn, Ays 
garth, Yorkshire. 



Bey. H. Ffolkes, F.M.S., 
HiUington Beotory, 
Lynn, Norfolk. 



J. Nicol, Esq, M.D., F.M.S., 
Llandudno, Camaryon. 



Bey. T. A. Preston, M.A., 
F.M.S., Marlborough, 
WUts. 



P. Wright, Esq., F.O.S., 
F.M.S.,MellingtonHall, 
Churchstoke, Mont- 
gomeiy. 



F. G. Eyans, Esq., F.M.S., 
Pentyrch, Glamorgan. 



Bev. T. Hugh Quelch, O.S B., 
St. Augustine's Monas- 
tery, Bamsgate, Kent. 

Bey. 0. H. Griffith, F.M.S., 
Strathfield Turgiss, 
Hampshire. 



54° 1 8' 8"' N. In level garden of Vicarage, and south the 
19'' W.| from all injurious shelter. 

806 feet. 



2° II 



52° 5' N. 

2° 46' W. 

279 feet. 



54*» 18' N. 
1° 58' W. 
474 feet. 



52° 4/ 42" N. 

0° 33' 2f E. 

108 feet. 



N. 



53° 20' 

3° 50' W. 

100 feet. 



51° 25' N. 
1° 43' w. 
474 feet. 



52°3i'N. 
3° 5' W. 



Si*» 31' N. 

3° 15' W. 
100 feet. 



N. 



51° 20' 
I** 25' B. 
108 feet. 



5i*'2o'23"N. 

1° 2' 30" W. 

196 feet. 



Large leyel lawn, south-west of the Asylum. 



On the south bank of the Ure, at its junction 
Bishopsdale beck. Bishopsdale is wide 
for at least 2 miles to the south-west of th 
but Wensleydale is here very narrow, th< 
scending in a succession of waterfalls m 
more than 100 feet in the mile next a 
station; its course is from west to east. 
south-east the ground is level for nearly 
and then rises in a succession of limestc 
and ridges to the height of 1,800 fe< 
position is only temporary. 

Bectory Garden ; ground nearly level, as is, 
surrounding district. ^ o trees to affect 



Garden in front of house slightly sloping 
south-east. Sheltered from north and 
high hills. 

Kitchen garden quite level, surrounded by low 
on south and south-east, and by somewl 
ones on north, but none rise 25°, and oi 
point exceed 20°. The elevation of the gr 
is under 10°. 

On lawn, at sufficient distance from the Hall t 
uninfluenced thereby. 



Ground level, but rising very abruptly 360 U 
north-west. 



In Monastery Grounds, good position. 



Bectory Garden ; the groimds are free from If 
except quite at the outskirts, and are ley* 
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of deter- 
ng time. 



1 Obsenra- 

z mile dis- 

Time Sig- 

md Asylnm 



ph Office at 
am and ex- 
it Austrian 
Rtor. 



Suitability of to- 
cality for an Ane- 
mometer. 



Yes; bntnoinstrU' 
ment yet fixed. 



Locality suitable for 
an Anemometer, 
if mounted high. 



No suitable posi 
tion for instru- 
ment. 



Signal at 
Office in 
;e, and ob- 
r's watch. 

Signal and 
nrer*8 watch' 



ignalatPost 
) and nu- 
ns public 



KOB good 

ByTime »ig- 
at Church- 
, and fre- 
t oommuni- 
a with rail- 
ttations. 

ieh mean 
obtained 
ardiff, local 
taken there- 
, and kept 
Obseryer's 

ezy Clock. 



oseope and 
onometer 
toh by 

18. 



Yes, if placed on a 
high pole. 



Locality not suit- 
able. 



Locality is unsuit- 
able; but one is 
placed in a gar- 
den near. 



Locality suitable, if 
the instrument 
was mounted 
high, and distant 
from tiie Hall. 



Locality not suit- 
able for. an Ane- 
mometer. 



No suitable posi- 
tion, except on 
buildings. 

Doubtful. The 
grounds are, how 
ever, more free 
from trees than 
most parts of the 
district. 



Arrangemeti ts for 

recording during 

Observer's absence. 



Exposure of Ther- 
mometer Stand, 



Assistant trained. 



Arrangements will 
be made as soon 
as possible. 



One Assistant Ob 
server trained, 
and another will 
be. 



Servant trained. 



Assistant Observer 
trained. 



Assistant Observer 
trained. 



Head Gardener 
trained. 



Several Assistant 
Observers trained, 
but Observer rare 
ly absent. 



Solar Radiation, 
Terrestrial 
Radiation, 



Good. 



Thoroughly 
posed. 



ex- 



In shade up to 
8.30 a.m. in 
the winter half 
of the year, but 
then the sun 
has often not 
risen over the 
hills. 



Well exposed. 



Will be thorough- 
ly exposed. 



Will be thorough- 
ly exposed. 



Will be thorough- 
ly exposed. 



Will be thorough- 
ly exposed. 



One Assistant Ob- 
server is tho- 
roughly trained. 



Thoroughly ex- 
posed. 



Thoroughly ex- 
posed. 



Complete set pro- 
perly mounted, 



Instrument will 
be properly 
moxmted and 
exposed. 

Well exposed. 

Properly mount- 
ed, but in 
shade before 
8 a.m. and af- 
ter 4 p.m. 
Good instru- 
ment, almost 
fully exposed. 



No instruments. 



No instruments 



Will be good in 
struments pro- 
perly mounted 
and exposed. 



Win be properly 
mounted and 
well exposed. 

Well exposed. 



Properly mount- 
ed and placed. 



Good instru- 
ments, well 
mounted and 
exposed. 
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that it is hardly necessary to say more than that, for the purposes of the 
Society, a small grass lawn has been laid down in a perfectly level and open 
part of the garden, where all the instruments are placed in perfect order. 
Owing to the temporary illness of the Rev. C. H. Griffith, F.M.S., this station 
has not been visited since September, 1874, but there is no reason to doubt its 
perfect efficiency. 



The Council have voted an additional sum of £20, making altogether £10, 
for the organisation and inspection of these stations. The best thanks of 
the Society are due to Mr. Symons for the great pains he has taken in 
inspecting the stations, in drawing plans of each, and in assisting at all 
times in every matter connected with this work. 

The monthly abstracts of these stations will be printed annually in the 
Quarterly Journal, and it is proposed that the daily records of one or 
more shall appear in full. 

In the last Report, the Council gave the details of an arrangement with 
the Meteorological Office, by which they agreed to furnish, for a consider- 
ation, copies of observations from a definite number of stations. Copies have 
been supplied to the Meteorological Office of the detailed observations made 
at the following stations, viz. : — 

Buxton, Derbyshire. ' Dartmoor, Devon. 

Calcethorpe, Lincolnshire. Hawes, Yorkshire. 

Carmarthen, Carmarthenshire. Strathfield Turgiss, Hants. 
Monthly values are furnished for the following places, viz.: — 
Audley End, Essex. Hillington, Norfolk. 

Bath, Somerset. Llandudno, Carnarvon. 

Cheadle, Staffordshire. Marlborough, Wilts. 

Crowborough Beacon, Sussex. 
The Council would here refer in terms of satisfaction to the friendly foot- 
ing subsisting between the Society and the Meteorological Office. They feel 
that the Society is especially indebted to the kind offices of their Foreign 
Secretary, Mr. Scott, for aid in establishing a relationship which, while not 
interfering with the free action of either body, is likely to prove of advantage 
to both. 

Observations are also received on the small forms from : — 
Aberdeen Bev. A. Beverly, LL.D. 

Aghalee, Lurgan, County Down Lancelot Turtle. 
Barlaston, Stafifordshire William Scott. 

Bolton, Lancashire William Musgrave. 

Burnley, „ William B, Bryan, Assoc. Inst. C.E* 

Crewkeme, Somerset F. J. Sparks. 

Forest Hill, Kent Edwin E. Glyde. 

Hadleigh, Suffolk J. T. Muriel, M.B.C.S. 

Mansfield, Nottingham Bichard Tyrer, B.A. 

Teignmouth, Devon William C. Lake, M.D. 

„ „ G. W. Ormerod, M.A., F.G.S. 
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Wimbledon, Surrey Henry Colbomo, M.RC.S. 

Cannes, France Frederick Green. 

Rossiniere, Switzerland Col. M. F. Ward. 

St. John's, Newfoundland John Delaney, Postmaster General. 

Various instructions, which form part of a Report of the Station Committee, 
and which have been forwarded to most of the above-named observers, are 
reproduced here, as they may be useful to other Fellows of the Society. 

1. — The Hmits of error in the reduction of barometer readings to be 0*005 
inch ; in the calculation of the dew point, 0*^, and elastic force of vapour, 
0-005 inch. 

2. — The maximum and minimum must always correspond with the 9 p.m. 
dry bulb reading of the previous day ; that is to say, the highest and lowest 
readings are to be entered as the maximum and minimum for each 24 hours 
ending 9 p.m. 

8. — When the air is saturated with moisture, and the wet bulb reads 
higher than the dry, they are both to be considered equal at the dry bulb 
reading. 

4. — Readings of the minimum on grass, which are higher than the mini- 
mum in air, are to be left as they are, but noted to draw attention to the fact. 

5. — Readings which are found to be erroneous, and which the observer 
cannot explain, are to be altered in the office, but not by the observer, and 
entered in brackets. 

6. — When observations have been omitted, the blanks are to be filled up 
by interpolation, but no mean is to be taken of any column, if more than 
three days' observations have been interpolated in that column. 

7. — ^Any thing above 0*005 inch to constitute a day of rain. 

8.— Observations which are taken only once a day (9 a.m.) are not to be 
published. 

9. —An observation which has not been taken punctually is to be al- 
tered, if necessary, at the discretion of the computer in the office, and entered 
in brackets. 



As the experience gained by the Assistant Secretary in the service of the 
Society has enabled him to discover several sources of error, from an inter- 
comparison of the returns from the Society's stations, it may be as well to 
state them here, in the hope that they may be of service to the observers 

generally. 

Barometer, — Erroneous readings of 1 inch or 0*5 inch are readily detected, 
and, in some cases, of 0*1 inch. 

To avoid mistakes of this kind, the observer would do well to re-examine 
the instrument after taking the other observations ; he should also notice 
whether the top of the mercury in the tube is convex or flat, that is, whether 
rising or fedling, and then refer to the previous reading, to see in what di- 
rection the change has been progressing. 

The observations of deputies, in the absence of the regular observer, should 
always be noted. Where any suspicion attaches to the observations thus 
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taken, no attempt should be made to correct them, but the attention of the 
computer at the office of the Society should be directed to the exceptionable 
record. 

To read the barometer correctly is easy enough, with ordinary care ; but 
to reduce the reading for temperature, index error, capillarity, and to sea 
level, is comparatively troublesome. When the elevation of the instrument 
above the level of the sea has been ascertained with accuracy for any station, 
a table for this purpose, based on the ' Instructions in the use of Meteoro- 
logical Instruments,* by Mr. R. H. Scott, is prepared by the Assistant Secre- 
tary, from a plan devised by the Rev. F. W. Stow, and a copy is forwarded to 
the observer, should he desire it. 

Thermometers, ''^li sometimes happens, in damp weather, that the indication 
of the dry bulb is lower than that of the wet bulb thermometer, to the extent 
of a few tenths of a degree. When this is the case, the dry bulb thermo- 
meter should be carefully wiped several minutes before the readings are 
taken. 

Mistakes of 5^ or 10° in reading the thermometers are not infrequent. If 
the dry bulb is read wrongly, the wet bulb is almost sure to be so also. In 
this way it sometimes happens that the recorded maximum or minimum are 
either lower or higher than the readings of the dry and wet bulb thermometers 
for the same day, although, in the latter case, the discrepancy may be 
occasionally accounted for by the sluggishness of the alcohol thermometer, 
especially should the minimum temperature occur about the time of obser- 
vation of the other instruments. 



The Joint Committee of Delegates from this and other Societies, appointed 
to draft complete instructions for the observation and registration of Natural 
Periodical Phenomena, have finished their labours, and sent in their Report, 
which was read before the Society at the February Meeting.* A code of rules, 
entitled ' Instructions for the Observation of Phenological Phenomena,* has 
been prepared and published. Observations from a number of Fellows, as 
well as from several ladies and a few gentlemen, have been received ; and the 
Rev. T. A. Preston, M.A., has kindly undertaken to discuss the first yearns 
observations. The following is his Report : — 

Observations have been sent in from the following places : — 

Lat. Lon. Observer. Months. 

1 Plymouth 50°22'N. d^lO'W. T. A. Briggs, Esq. April. 

2 Yeovil 50 56 N. 2 89 W. Rev. J. Sowerby Jan. & Mar. 
8 StrathfieldTurgiss 51 20 N. 1 W. Rev. C. H. Griffith Jan. to Dec. 

4 Marlborough 51 26 N. 1 48 W. Rev. T. A. Preston Jan. to Dec. 

5 Hastings 50 51 N. 52 E. A. W. Langdon, Esq. April. 

6 East Farleigh 51 16 N. Miss M. L. Case Apl. to July 

7 Maidstone 51 17 N. 82 E. W. H. Bensted, Esq. April. 

8 Isleworth 51 25 N. 20 W. Miss E. A. Ormerod Apl. to Oct. 

« * Quarterly Journal,* Vol. n. page 332. 
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Lat. Lon. Observer. Months. 

9 Walthamstow 51 88 N. W. R. Birt, Esq. March. 

10 Cardington 52 7 N. 25 W. Mr. J. McLaren Apl. to Oct. 

11 Great Cotes 53 34 N. 5 W. John Cordeaux, Esq. Mar. toDec. 

12 Killinghohne 53 37 N. 10 W. Rev. J. Byron Mar.toJne. 
18 Alderley Edge 53 17 N. 2 12 W. A. W. Waters, Esq. Apl.toAug. 
14 Dalkeith 55 56 N. 3 8 W. Henry Dobbie, Esq. Apl. to Aug. 
16 Weybridge 51 82 N. 25 W. A. R. Graham, Esq. October 

16 Bishop's Frome 52 10 N. Rev. H. L. Graham Oct. to Dec. 

17 Watford 51 89 N. 24 W. J. Hopkinson, Esq. Dec. 

Nob. 1, 2, 5, 7, 9, 15, 16, 17 have not been included in the Table of 
Botanical notices, as the returns for these places extend over so short a time ; 
12 has also been omitted, as the returns are almost entirely ornithological. 
The Botanical observations famished by the Observers at these places are 
enumerated subsequently in a different form. For the sake of shortening 
the Table, those species of which very few observations have been taken are 
also omitted in the Table, and inserted at the end. 

In the Table, the actual dates sent in are inserted ; one asterisk (*) indi- 
cates that the plant was ''in flower,'' and two asterisks (**) that it was 
*' in bloom.'* Perhaps, in deducing results from the Table, a week may be 
deducted from the recorded date for one asterisk, and a fortnight for two, in 
order to get the approximate date of first flowering. A ? after a date indi- 
cates that the word '^ by " was entered in the returns, and for the date entered, 
two, three, or four days have been subtracted from the date recorded, according 
to the opinion of the Observer, e,g. *' by Apiil 27, three or four days " wOuld 
be entered April 23 ? 

1 Plymouth 20 Vicia septum April 18. 

46 Hieracium PiloseUa April 29. 

60 Ajuga reptans April 26. 

2 Yeovil 4 Caltha PALUSTBI9 March 19. 

87 TussiLAOO Farfaba March 13 ? 
68 Mercutialis peretmis January 80. 

64 Ulnius Montana March 10. 
5 Hastings 12 Stellaria Holostea April 20. 

52 Veronica Chamadrys April 20, 
9 Walthamstow 2 Ranunculus ficaria April 4. 

65 Salix caprea March 28. 
70 Qalantkm nivalis March 7. 

12 Killingholme 2 Ranunculus ficabia March 10. 

7 Cardamine pratenm April 80. 
22 Pbunus spinosa April 22 ? 
26 Bosa canina June 6. 

61 Pbimula vebis April 24. 
16 Bishop's Frome ... 12 Stellaria Holostea April 18. 

Species, of which very few notices have been taken : — 

29 Angelica Sylvestris Strathfleld Turgiss Augusts. 
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81 Hedera Helix Marlborough October 12 ? 

Isleworth October 22 * 

84 Dipsacus sylvestris Strath£eld Turgiss August 24. 

Isleworth August 21. 

46 Hieracium Pihsella Marlborough May 16. 

Cardington May 28. 

48 Gentiana campe8tri8 Strathfield TurgisB August 30. 

Dalkeith July 18. 

60 Symphytum officinale Marlborough May 3 * 

Dalkeith May 6. 

51 Pedicularis ayhatica Marlborough May 16. 

68 Veronica hederifolia Marlborough March 10 * 

Cardiugton April 23 ** 

Dalkeith April 4. 

64 Ulnms montana Strathfield Turgiss March 11. 

(? this species) 

Marlborough March 9. 

Cardington April 9 ** 

70 Oalanthus nivalis Strathfield Turgiss January 16 ** 

Marlborough January 16. 

INSECTS. 

72 Melolontha vulgaris Strathfield Turgiss May 20 First seen 

Isleworth May 14 ,, 

Cardington May 12 „ 

78 Rhizotrogus solstitialis ... Isleworth July 12 

Cardington June 30 

14 Apis meUiJica Strathfield Turgiss March 14 Flying. 

Isleworth April 14 Solitary till 

this date. 
Walthamstow March 30 First seen. 

76 Pieris Biassica Marlborough April 16 

Isleworth April 25 ? this species. 

June 2, 

plentiful. 
Great Cotes May 8 

Dalkeith May 1 

76 Pieris Rapa Plymouth April 17 First seen. 

Strathfield Turgiss April 16 „ 

Marlborough April 80 „ 

Isleworth April 80 First caught. 

Cardington May 25 First seen. 

Great Cotes . April 29 First appeared 

77 Epinephile Jamra Strathfield Turgiss June 8 First seen. 

Isloworth June 29 Plentiful. 

Great Cotes June 6 
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mSECTS— continued. 

'ibio Marci Strathfield Turgiss April 15 Caught two. 

Isleworth May 22 A few on rose 

bushes. 

'richocera hiemalis Strathfield Turgiss January 4 Abundant 

hnopteryx rhamni Strathfield Turgiss Feb. 16, Mch. 10, Ap. 7 

Marlborough March 16 

BIRDS. 

trix aluco No records. 

Brown Owl) 

iuscicapa griwla 2 May 25, first seen 

(Flycatcher) 4 May 11 „ May 81 (5 eggs) 

10 May 10 „ 

11 May 22 

12 May 9 
\rdus mrmcus 1 April 5 (eggs) 

(Song Thrush) 2 Feb. 2, song Feb. 16, song 

4 Feb. 8, song April 8 (8 eggs) 

10 April 12, first hatched 

11 March 8, paired 
14 Nov. 6, song 
17 Dec. 25, song 

%r dm pilaris 4 March 22, seen May 18, one seen. 

(Fieldfare) 10 April 16, in flocks 

11 May 8, last seen 
Oct. 28, first flight 
Nov. 15, large flocks 
16 Oct. 28, one bird fly- 
ing N. 
Oct. 24, 5 or 6 on trees 

')aulim luscinia 2 April 21, first heard 

(NighUngale) 6 April 20 

7 April 17, first seen 

8 Apl. 80 - May 1, first 

heard 

10 April 26, first heard 
hxicola (Enanthe 4 April 6, first seen 

(Wheatear) 7 April 6 „ 

11 April 12 „ (10 

days late) 
16 April 14 
Phylloscopm trochiJus,.. 4 April 6, song May 18 (6 eggs) 

(WiUow Wren) 11 April 19, first heard 

12 Apl. 25, seen & heard 

;W SERIES.— VOL. m. » 
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BTBDQ-— continued. 

87 Phylloscopiis eoUyhUa.,. 2 Apl. 5, song at Heck- 

(Chiff-chaff) field 

4 April 8, Been May 24 (7 eggs) 

11 April 15, first beard 

16 March 80 

88 Alavda arvenns 2 March 9, soDg 

(Skylark) 4 Jan. 81, Feb. 16, song 

May 19, yonng 
11 Sep. 24, many arrived 

17 Dec. 25, song 

89 Fringilla Calebs 2 Feb. 12, song 

(Chaffinch) 4 Feb. 15 „ May 6 (2 eggs) 

8 April 14, seen 

11 March 8, paired 
16 Nov. 9, song 

90 Corvvis frugUegm 2 Feb. 10, pairing 

(Book) 8 March 3, building 

4 March 6, „ March 20 (eggs) 

8 April 12, „ 
10 April 13, first hatched 
May 1 4 , Book shooting 

12 Mar. 4, building, usual 

date; Mar. 2, 1873, 
Feb. 26, 1874. 

91 Cuculus ranorus 1 April 20, first heard 

(Cuckoo) 2 AprU 18, 

4 May 3 

5 April 17, „ Beported fi-om Heath- 

field 

6 April 18, „ 

7 April 20, first seen 

8 April 29, first heard 
June 8, note changed 

10 April 19, first heard 

11 April 24, 

June 25, last heard 

12 April 28, first heard 
18 April 21, „ 

14 April 28, „ 
16 April 19 

02 Hirundo nutica 1 April 18, first seen 

(SwaUow) 2 April 17, 

Aug. 14, congregating 
4 May 19, building June 19, young 



it 
ft 
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BIRDS — continued, 

m 

92 Hinindo rustica 6 by April 24, seen earlier 

(Swallow) 6 May 8, several seen 

for first time 

7 April 15, first seen 

8 May 6, ,, Sep. 10, congregating; 

gone, Oct. 16 

10 April 19, „ 

11 April 16, „ 

Aug. 22, large flocks 
were seen after Oct. 18 

12 April 19, seen here; 

seen in the neigh- 
bourhood April 16 
18 April 14, first seen 
14 April 24, 
16 Oct. 17, flock flying 

S.W. 
16 April 19 

98 Cypselus apus 2 May 16, flying 

(Swift) 4 May 7, seen 

6 May 10, first seen 

11 May 6, one seen 

12 May 19, seen 
16 May 6 

94 Colvmfta Turtur 2 May 8, first seen 

(Turtle Dove) 4 May 11, „ May 16 (2 eggs) 

10 June 12, first found 
flitting 

95 Perdix cinerea 2 July 10, young first 

(Partridge) seen 

4 Feb. 15, paired March 27 (eggs) 

10 Apl. 27, first eggs seen 
June 11, hatched off 

11 June 29, young hatch- 

ed off 

96 Scolopax ruBticola -. 10 Oct. 22, first seen 

(Woodcock) 11 Oct. 15, first flight 

arrived 

97 Frog Spawn 2 March 17, first seen 

4 March 25, about this 
date 

8 June 27, young frogs 

9 March 25, spawn 

10 April 28, frogs leaving 
spawn 
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BlRDS^-cantinued. 

92 Frog SpawD 11 March 9, spawn first 

observed 
12 March 19, spawn ; 

first observed Feb. 

28, 1872, Mar. 26, 

1878, Mar. 18, 1874 
18 April 1, spawn 
14 May 22, „ 



Under any circumstances, bat very few reliable results could be obtained 
firom the first year*s observations ; but in the present case the observations in 
many instances are not so exact as could be wished, because the observers 
have not fully understood the object of taking them. It may be as well, 
therefore, to say a few words (1) as to the objects aimed at ; (2) how the 
present observations fail ; and (8) to deduce such general results as can be 
obtained from the observations sent in. 
(1.) As to the objects aimed at : — 

Such notices as these are of great use to the botanist, as they enable him to 
miderstand the constitution of the different plants, and may possibly lead to 
very important results ; but the Meteorological Society is not so directly 
concerned with botany, and therefore their object in collecting these obser- 
vations is to see how far the nature of the seasons can be inferred from the 
state of vegetation, or the appearance or habits of insects and birds, and how 
far, therefore, certain plants, insects or birds can be taken as guides for the 
agriculturist. As an example, some persons do not attempt to cut their hay 
till the common grass, Phleiim pratensey comes into flower. Now at Marl- 
borough, from the year 1865 to 1875, this species has always flowered 
between the 10th and 14th of June, except in 1865, when it flowered on the 
4th June, and in 1871 on the 1st June [in 1868 the plant escaped notice.] 
Upon referring to Mr. Glaisher's quarterly report for these two years, he 
states in 1865 '* haymaking proceeded satisfactorily," and in 1871 "hay- 
making had been frequently interrupted by rain and much hay had been 
spoiled," the previous months as a rule having been unusually cold. Clearly, 
therefore, no very great reliance can be placed on this plant as regards an 
indication of the season, but as it comes into flower after all the other 
common grasses grown for hay, it is a sign that the sooner the grass is cat 
after the flowering of the Phleum the better the hay will be, as the grass 
has then reached its best state. 

But besides this class of objects (which surely are of immense ase, and 
well worth the trouble of procuring), several results of a more purely scientific 
value may be obtained, as the intimate relation of the climate of one district 
to that of another, and in this case, more especially, accuracy and exactitude 
of observations are particularly necessary ; and here many of the observations 
furnished singularly fail. In order to get a comparison between two plants. 
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some definite time mnst be selected. It has been suggested that every plant 
requires a certain amount of heat imparted to it in order to bring it to 
its flowering stage — ^which will be when the first flower opens. If the season 
is cold, a longer time will be occupied in imparting the necessary amount of 
heat, and vice versa ; consequently this period of first flowering may be taken 
as the time for comparison. Defoliation, ripening of seed, &o. are abo 
asefu], but observers differ so much as to when a tree is in leaf or defoliated, 
that for scientific purposes it is hardly possible at present to depend upon 
these data, though very useful in a general way. In the case of plants, 
therefore, the date of fibst flowering is the most important to observe, and at 
present is all that is required. Great care must, however, be taken here ; 
and this leads to the second point. 
(2.) How some of the present observations fail. 

They fiedl in two particulars, — their incompleteness and their indefiniteness. 

Of the 17 sets of observations sent in 

6 were for only 1 month. 
2 „ „ 2 months, 

* >i >i ^ >> 

* f> >» ^ ft 

Then again, of these 17 three only begin in January, three in March, 8 in 
April, 2 in October, and 1 in December. 

No doubt the great reason for this is that observers had to be found, and 
consequently many could not begin before April ; but it must be borne in 
mind, that for these observations to be of any real practical utility, they must 
be continued regularly throughout the year. 

As* regards the indefiniteness of the records, this can only be remedied by 
care and experience, and in alluding to it now, it is done solely with the aim 
of securing an improvement, not from any wish to find fault. 

The general results seem satisfactory, though inaccuracies appear to 
have been made occasionally, and unfortunately the request for specimens has 
not been attended to, consequently there is no means of checking apparently 
doubtful records. It is also very probable that some of the dutes will have to 
be modified, as it is generally found that first yeare* observations are often 
too late, and that experience will enable observers to find things earlier than 
they otherwise would do. Another point which it would be as well to correct 
is, the vague manner in which entries are made— <' in fl.,'* **m bloom," 
« coming into fl.,'* are used by some observers indiscriminately (though not 
8o by all). Sometimes merely the number of the species is put down, at 
others both number and name ; again, the same flower is noted by some more 
than once, the number merely being entered, but without any reason stated 
why the second entry was made. Others, again, state ''very common," 
causing a doubt as to whether the species is common in the neighbourhood, 
or whether it is commonly in flower. Such entries, though pos^bly easily 
comprehended by the observer at the time, create difiiculties which are not 
easily solved, and which sometimes even cannot be cleared up. It would 
greatly facilitate the comparison of observations, as well as secure a very 
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desirable nniformity in the retoms, if observers would kindly attend to the 
following suggestions :^- 

1. — To secure certainty about the species alluded to, insert both the number 
on the list and the name of the species. (The forms will be altered as soon 
as the present stock is exhausted.) 

2. — As a ruUf merely insert the date of first flowering (in the ease of 
plants). 

8. — Where extra-early specimens are registered, state the reason why so 
inserted. 

4. — If the date of first flowering has escaped notice, the state of the species 
when first observed to be described by the following: — ''by" when ap- 
parently in flower only a day or two, '' in fl.'* when the. species is fiiirly in 
flower, i,e, generally open, and '' in bloom," if fully out everywhere. 

6. — ^Any remarks about the species (as an unusually long or short period 
of coming into flower generally) may also be entered. 

The notices of birds and insects must remain as at present, notes of first 
singing, building or hatching being entered if observed, for future comparison. 

(8.) The localities from which returns up to October have been sent 
may be grouped into the following six sets : — 

A. Plymouth, Yeovil, Strathfleld Turgiss, and Marlborough. 

B. Hastings, East Farleigh, Maidstone, Isleworth, and Walthamstow. 

C. Cardington. 

D. Great Cotes and Eillingholme. 

E. Alderley Edge. 

F. Dalkeith. 

Fortunately for each of these six groups, fairly complete observations are 
sent in from at least one locality, and hence a few general results may be 
obtained. Taking, then, these six groups, as a rule plants come into flower 
first in the SW of England (A), then in the SE (B), the maritime district E 
(N. Lincolnshire) is earlier than the more inland one D (Bedfordshire)i 
whilst E (near Manchester) on the west is more backward than D on the 
east of England. As for F (Dalkeith) H is very irregular, being generally 
but little more backward than and frequently as forward as the two southern 
districts A and B. But more accurate results cannot yet be obtained, firom 
the vagueness of the entries. When a plant is said to be *' in bloom " at two 
places, it is impossible to compare them, and a very short glance at the Tables 
will show the difficulty of coming to any definite conclusion in some eases; 
bat notwithstanding this the Tables will repay perusal. The most ourions 
fact perhaps is, that some plants come into flower ^Erat at Dalkeith, and then in 
regular order going southward till their latest appearance is in the south, at 
Btrathfield Turgiss; such plants are the Ground Ivy (Nepeta glechoma) in 
April, the Devil's Bit {Scabiosa succisa), the Spear Thistle {Cardutu lanceo- 
latus), the Hair Bell {Campanula rotundifolia) in July, and the Mugwort 
(Artemisia vulgaris) in August. 

Finally it may be remarked, that the large number of plants has certainly 
not proved disadvantageous. Had we kept to the 14 special ones, we should 
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have missed some hcta which may prove of nse hereafter ; and it does not seem 
to have caused any extra trouble to the observers. There are nnmeroas other 
notices kindly supplied by some observers, especially from Strathfield Turgiss, 
which will be extremely useful, but are not ^tered in this present Report, 
as it would make it needlessly lengthy. 

The Schedules of Observations are kept in the Society's Library for fotnre 
reference. 



In May last, a letter was received from the Rev. F. W. Stow, requesting 
the Council to allow the Assistant Secretary to continue the discussion of the 
Solar Radiation Observations which he had commenced some years ago, but 
viras unable to go on with. The Council, while acceding to this request, were 
of opinion that a better comparison would be afforded between bright bulb 
thermometers in vacuo, and black bulb thermometers in vacuo, both mounted 
alike, instead of the maximum thermometer in the shade. They accordingly 
sohcited the assistance of several observers, which was at once given, nearly 
aU providing instruments at their own cost. Observations on this plan are 
taken at 

Calcethorpe " D. Grant Briggs, F.M.S. 

Camden Square G. J. Symons, F.M.S. 

Carmarthen G. J. Hoarder, M.D. 

Cheadle J. C. Philips. 

Crowborough Beacon C. L. Prince, F.R.A.S., F.M.S. 

HalifiEa Louis J. Crossley, F.M.S. 

Hawes Rev. J. D. Parker, LL.D., F.M.S. 

Hesthohn Rev. F. W. Stow, M.A., F.M.S. 

Marlborough Rev. T. A. Preston, M.A., F.M.S. 

Southampton R. C. Hankinson. 

Strathfield Turgiss Rev. C. H. Griffith, F.M.S. 

It will be remembered that, in May last, the President, (Dr. Mann,) read 
an elaborate paper on ' Some practical points connected with the construction 
of Lightning Conductors.'* The subject was again brought before the Council 
at the June Meeting, when, after some deliberation, they appointed a Perma- 
nent lightning Rod Committee, to investigate and record accidents from 
li^tning, to inquire into the principles involved in the protection of buildings, 
to diffuse exact information regarding the best form and arrangement for 
T lightning Couductors, and to consider all phenomena of atmospheric elec- 
tricity. This Committee is not composed of Members of Council only, but 
includes several of the Fellows, and some well-known eleokicians, as will be 
found on referring to the list of names on the Committee. 

In Ai»il last, a letter was received from the Imperial Academy of Sciences, 
Vienna, asking the Society to turn its attention to the subject of the decrease 
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in the amonnt of water in springs, streams, and rivers, and to contribute, as 
far as may be possible, towards the discovery of a remedy for checking sach 
serions calamities as are likely to arise therefrom; and also to assist the 
Academy in obtaining observations of the water level in flowing streams 
daring a series of years. The Council considered this an important matter, 
and, accordingly, appointed a Committee, consisting of Messrs. Eaton, Field, 
Scott, and Symons, to investigate the subject. 

The Papers read before the Society during the past Session, although 
perhaps not very numerous, have been both interesting and valuable. 

The following instruments were exhibited at the Meetings :«- 

Wild*8 Pressure Anemometer. By R. fl. Soott, F.R.S. 

A New Barograph. By M. Louis Bedier. 

Several Thermographs. By WiLDifAN Whitehouse, F.R.A.S. 

Lowers Graphic Hygrometer. By R. H. Scott, F.R.S. 

A Continuoxis Self-registering Thermometer. By W. Harrison Ceipps. 

A Self-regulating Atmom£ter. By S. H. Miller, F.R.A.S. 

Lanumt's Atmometer. By R. H. Scott, F.R.S. 

A complete Set of Instruments^ with Thermometer Screen, rfc, as used at 
the Russian Meteorological Stations. By R. H. Scott, F.R.S. 

On the completion of Vol. I. of the Quarterly Journal, the Council changed 
the Printers and Publishers, as they believed that the printing could be done 
much cheaper elsewhere. They have now much pleasure in stating that this 
measure has been folly justified, as the work has been equally as well done, 
and the cost of Vol. 11., which has just been completed, consisting of 468 
pages, has been only £207, while that of Vol. I., containing 276 pages, 
amounted to £227. 

The large additional work cast upon the Assistant Secretary by th 
comparison and examination of the returns furnished by the observers 
necessitated the appointment of a youth to assist in the general work of th 
Society and the extension of the hours of attendance at the office from 10 a.m^i^ 
to 5 p.m. These arrangements have frdly answered the expectations of th 
Council, and must be continued as long as the present amount of work has 
be performed. 

It is satisfactory to be able to announce a considerable increase in the 
number of Fellows. This is, in a great measure, due to an invitation, soli- 
citing their co-operation and support, which was sent by the Council to the 
recently appointed Medical Officers of Health, who are practically interested 
in Meteorology. Nineteen have joined the Society, and several offered to 
take observations: 

Two additions have also been made to the list of Honorary Members 
during the year, viz.: —Dr. Julius Hann, of Vienna, and M. Emujen Rekou, 
of Paris. 

The accompanying Table shows the total number of Fellows now on the 
rolls to be 858, of which 82 are Life, 258 Ordinary, and 18 Honorary Mem- 
bers, showing a net increase during the year of 82. 
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Fellows. 


Totals. 
326 


Tiife. 


OrdinaTy. 


Honorary. 


1874, December 81 j 
(corrected numbers) ) 


78 


282 


16 


Since elected 


+6 
-1 

... 

• • • 

• •• 


+39 

- 1 

- 8 

- 5 
+ 1 


+ 2 

... 
... 
... 
... 


+46 

- 2 

- 8 

- 5 
+ 1 


Deceased 


Retired 


Defaulters 


Reinstated 




1876, December 81 ... 


82 


258 


18 


858 



The average attendance at the Meetings is very considerably in excess of 
that in former years: for in 1871 the average was 25; in 1872, 26; in 
1873, 34; in 1874, 42; and in the past year 42; so that the Council can 
&irly congratulate the Society on the great progress it has made, as well as 
on the greater estimation in which it is held by the scientific public. 

In consequence of Messrs. Martin & Co., the Bankers of the Society, 
having their place of business at an inconvenient distance from the Office of 
the Society, it was determined, in the early part of the year, to remove the 
account to the Western Branch of the Bank of England, in Burlington 
Gturdens, which has been done, so that all future subscriptions may be sent 
there, or to the Assistant Secretary, at the option of the sender. 

The balance sheets, as presented by the Auditors, are very satisfactory, as 
they show, not only that nearly £1,100 are invested, but that a sum of 
£105 10s. will accrue to the Society during the year 1876, from subscriptions 
overdue, and from payments by the Meteorological Office for copies of returns 
from six stations, and of monthly summaries from seven stations ; whilst, on 
the other side, our only liabilities are included in the words, ''to sundry 
creditors, £4.'' The receipts for the year are equally satisfactory, as they 
are as much as £420; whilst the expenditure, including £189 19s. for 
salaries, £129 ISs. for printing and stationery, £78 for office expenses, £47 
for outlay in connection with the observing stations, and other smaller items, 
amount to nearly £400, leaving a balance in favour of the Society amounting 
to £20. It is true that £60 was received for Life Composition fees, which 
according to the rules of the Society must be invested, but the £105 due 
above the subscriptions of the present year will more than provide for that 
sum. As the Catalogue of the Library, List of Fellows, and other similar items, 
will increase the expenditure during the forthcoming year, the Council trust 
that this Report will not lessen either their or your efforts to render the 
Society more flourishing than it is even at the present time. 
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APPEN- 

Ahstract of Receipts and Expenditure 



Receipts, 

1875. £ a, d. £ s. d, 

Jan. 1. Balance from last year 10 18 8 

April Dividend on £200 New 3 per Cents 2 19 6 

Jnne Do. £800 M. S. & L. B. 4^ Deben- 
ture Stock 17 17 

Oct. Do. £200 New 3 per Cents 2 19 6 

Deo. Do. £800 M. S. & L. B. 4| Deben- 
ture Stock 17 17 

41 18 

Jane Meteorological Office. — Copies of Betoms from 

Six Stations on Form A, January to Jnne 15 

Dec. Subscriptions for 1873 5 1 

Do. forl874 24 11 

Do. for 1875 208 1 6 

Do. forl876 4 

Entrance Fees • • 45 4 

Life Composition Fees • 60 



Dec. Sale of Publications. By Assistant Secretary 15 19 5 

Do. By Williams and Strahan 8 4 



846 17 6 



16 7 9 



£436 11 11 
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DTK I. 

for the Year ending December 81«t, 1875. 

E(rpenditure, 
1875. £ ff. d. £ «. d. 

'oumal — 

Printing No8. 13— 16 77 4 6 

Illnstrations 11 9 

Aatbors' Copies ^... 8 8 6 

Begistrar-General's Keports .«• 6 4 

108 1 

rinting, dc. — 

General Printing 14 4 

Stationery ... 6 15 9 

Books and book-binding 6 12 5 

26 12 2 

alaries — 

Assistant Secretary 125 

Compnter 14 19 

189 19 

^e Expenseif c^c— 

Bent and Housekeeper 28 17 

Bepairs, l^'nmitare and Coals 12 11 8 

Postage and Beoeipt Stamps 28 16 2 

Parcels and Petty Expenses 4 9 1 

Befreshments at Meetings 8 12 

78 6 6 

^iervationt — 

Inspection of Stations •••••••.••••.... 20 

Printing Forms and Observation Books • 18 7 6 

Phenologioal Phenomena. — Beports, Instmotions, and 

Forms • 9 17 6 

Bright-bulb Thermometers in vacuo 8 15 

47 

Wi»ceUaneou$^ 

Subscriptions overpaid returned •••••••••. 6 

Bankers' Commission on Country Cheques ..•., 2 1 

— 6 2 1 

809 19 9 
Balance at Bank of England, December 31st, 1875 .... 29 12 5 

Balance in hands of Assistant Secretary .... 619 9 

36 12 2 

£4S6 11 11 



HEKBY PEBXGAL, Treagwrer, 
Examined, compared with the Vouchers, and found correct, January 11th, 1876. 

G. M. WHIPPLE, \ J ^., 
B. G. ALDBIDGB, ]^^^*' 
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The Society has to deplore the loss by death of two of its Fellows, viz. : — 

BoBSBT Sayiomao Stbdman, M.B.G.S.» elected into the Society, November 
27th, 1855. 

Theodobe Henbt Maine Walbond, November 19th, 1878, 

BoBEBT Savignao Stedman, M.RC.S., was bom in 1827, and was edu- 
cated at Tonbridge School. He entered Gay*s Hospital in 1845, where he 
gained the esteem of all who knew him. He became a medical practitioner 
at Shambrook, Bedford, where he practised till the time of his death, which 
occnrred on the 80th of December, 1874. 

He was very popular in the neighbourhood, and his kindness, intelligence, 
and devotion, gained for him many warm friends. Mr. Stedman was ap- 
pointed Health Officer of the northern half of the Bedford Union in 1878, 
and immediately devoted himself to his new labours in the most thorough 
manner, providing himself with all the new appliances required for exercising 
his arduous duties with great energy. He published an exhaustive report, 
remembered by the writer of this notice as a most complete and carefully 
arranged summary of every thing bearing on the sanitary condition of the 
district. 

Mr. Stedman was one of those country medical practitioners who, possessing 
a good knowledge of many departments of science, amid active and incessant 
professional engagements, manage to find time for scientific study and inves- 
tigation ; and he was an excellent representative of that large class of highly 
intelligent and well-educated thoughtful doctors for which our country is 
eminently distinguished ; men who, though unable to write books and disser- 
tations, in no small degree help to diffuse correct scientific information, and 
assist in checking the spread of some of those shallow and extravagant con- 
jectures which are being recklessly sown broadcast amongst us at this time. 
Mr. Stedman was greatly interested in the Meteorological Society, and though 
it was not possible for him to contribute elaborate memoirs to our transac- 
iions, he was an active Fellow of the Society, and frequently attended our 
meetings. Gifted with great activity and energy of mind and body, he 
scarcely relaxed work during the last few years of his life, although suffering 
from serious illness; and was cut off ere he had reached his forty-eighth 
year, in the midst of his self-denying labours. 



APPENDIX II. 

The Meteobological- Office. Robert H. Scott, M.A., F.R.S., Director.— 
Marine Meteorology. The operations of this branch of the Office have been the 
completion of the charts, and the discussion of the data for the entire equatorial 
region of the Atlantic, and the Society will be in a much better position than at 
present to judge of the work of the Office when the charts, &c. now in the press, 
for the nine squares (Lat. 10° S.— 20° N., Long. 10°-40° W.), of which Square 3 
forms the centre, are published. In these charts, as dealing with a larger area, 
and stretching from shore to shore of the Atlantic, are given not only pharts of 
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the same character as those for Sqaare 3, described in the last Report, (thoagh 
for larger areas, owing to comparative deficiency of material), but tuso diagrams 
showing the direction of wind in connection with atmospherical pressure and 
temperature, and of ocean currents with sea temperature. There is also given a 
tabular statement contrasting the specific gravity of the sea in the easterly [going] 
or '* Guinea" current and in the westerly currents due to each trade wind. In 
the Remarks, copious quotations are made from the Logs in relaPtion to the 
various phenomena which come under the seaman's observation, such as the 
weather, the wind, the motion of the clouds in relation to the lower wind, the 
direction of the swell, the colour and luminosity of the sea, and the current rips; 
as well as information relating to the birds, fish, and insects that are met with, 
and the variation from month to month of the localities in which they are seen, 
and also appearances of submarine volcanic action in certain localities. By 
these investigations it is believed that important light has been thrown on several 
subjects of general as well as of special interest. It is hoped that this work will 
appear in the course of the ensuing summer. 

The Ofiice having thus completed the examination of the district close to the 
Equator, in the Atlantic Ocean, about the most important and interesting to the 
navigator and meteorologist of any region in the world, has commenced the in- 
vestigation of the meteorolo^ of another great district lying on the high road 
between Europe and the Indian and Australian seas, that of the Cape of Good 
Hope, which will be prosecuted in due course: the question of the best method 
of dealing with that district being under consideration. 

For the inquiry into the weather of the North Atlantic, in August, 1873, the 
Ofiice has obtained the loan of 280 logs, and the investigation is now in progress. 
It is hoped that light will be thrown on the actual formation of, and the subse- 
quent modifications in, the serious storms of that month, so that some attempt 
may be made to solve the vexed problem of the precise direction of the motion of 
the air in cyclones in reference to the position of the centre of the disturbance. 

Weather Tekyraphy. There has been no change of importance during the 
year in the system of collection of information and issue of storm warnings. 

The results of the latter for the year 1874, as given in the Parliamentary 
Returns, show a total percentage of success of 78. 

If it were asked in what particular directions the British system of Weather 
Telegraphy could most advantageously be developed, the following suggestions 
may be made : — 

A. The supply of cheap self-recording instruments to our principal stations, so 
that the reporters should be able to furnish intelligence as to the changes wMch 
have taken place immediately previous to the epoch for which the report is 
framed. 

B. Additional stations at well-selected points on our West coast, as at 
Mullaghmore, on Donegal Bay, and at high levels, as at Settle, in Yorkshire. 
The former especially to give more accurate indications of wind, which from our 
present stations is often necessarily incorrect, owing to the precipitous character 
of our western coasts, which affects the direction and force of the wind. The 
latter to furnish means for a study of the differences of atmospherical conditions 
in a vertical direction, which has yielded very valuable results whenever it has 
been prosecuted. 

C. Additional reports daily. This is a most pressing want; it has been partially 
met by the enterpnse of the public press: the * Times ' having begun (Jan. 1876) 
to bear the expense of an evening message from some stations. 

D. Improved accuracy in transmission of the reports. 

E. Extension of the area covered by our reports. This raises the question of 
international exchanges, and in this particular it must be remembered that stations 
are not of equal value, for a report from an outlying post, as Valencia or Sum- 
burgh Head, is worth to the continental meteorologists many times more than a 
report from a continental station is to us. 

The extension of our system westwards, were it possible, would be of incal- 
culable value, but America, and even Newfoundland, are too distant for us to reason 
with any degree of certainty on what the changes taking place there may portend 

to us. 

Reports from the Azores, if supported by others from Spain and Portugal, 
woula be of value, but they would require confirmation. At least two simul- 
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taneoos reports from independent stations in that gronp of islands would be 
required, in order to afford means for checking doubtful statements or errors in 
telegn^hy. 

F. Aji increase of the staff of the Office. 

To summarize. More information from existing stations, a large extension of 
our area of observation, and a reinforcement of the staff for weather study, are the 
ehief requirements of our telegraphic system at present. 

The chief feature of novelty in the arrangements for publication of daily 
reports during 1875, has been the appearance since April 1, in several of the 
metropolitan and provincial papers of daily weather charts, drawn at the Office, 
and produced in the form of stereotype blocks by the Patent Type Founding 
Company. Since January 1, 1876, tnese arrangements have undergone an im- 
portant modification, as indicated above, for the * Times* has a^^ed to defray the 
expense of an extra service of reports for 6 p.m. daily (including Sundays), and 
the charts which now appear in that paper are drawn specially under this 
agreement. 

The co-operation of the Office with the U. S. Chief Signal Offuse in the 
synchronous observations, goes on without modification. 

Land Meteorology of the British Islands, There is not much of novelty to 
report in the proceedings of this branch. The issue of the Quarterly Weather 
Report goes on steadily, and the tables for the various volunteer stations in con- 
nection with the Office, for the year 1874, are in the press. As soon as these 
have been printed, the similar tables for 1875, including returns trom the Society*s 
Stations, as intimated in the last report, will be taken in hand and completed 
without unnecessary delay. 

Scottish Meteorological Society. — The work of the Society during the 
past year, in addition to the regular work of the Office, has been the publication 
of Papers on — 

1. The Influence of Weather on Mortality from Different Diseases and at 
Different Ages. By Mr. Buchan and Dr. A. Mitchell. 

2. On a New Iron Barometer. By Mr. Stevenson, Hon. Sec. 

3. On a Self-registering Anemometer. By Mr. Stevenson, Hon. Sec. 

Also the following, which are in t)7)e, and will be shortly published in the 
Society's Journal : — 

1. Keport on all Ozone Observations made by the Society's Observers up to 
end of 1875. 

2. On the Flowering of Spring Plants. 

3. On Formation of Clouds. 

In addition to the above, Mr. Buchan has written a Paper on the ' Diurnal 
Barometric Oscillations. Part I.' dealing with the oscillation from a.m. max. 
to P.M. min., over the whole globe. The Society being unable to publish this 
discussion, it was offered to, and has already been published by, the Royal 
Society of Edinburgh, in their Transactions. 

An inquiry has been set afoot into the cause or causes of the earliness or late- 
ness of Salmon Rivers, by means of observations made with thermometers contin- 
uously immersed in the nvers, and in the sea immediately adjoining their mouths, 
and by gauging of the water of the rivers. The observations have been going on 
for some time. 



Royal Observatory, Greenwich. Sir G. B. Air^, K.C.B., F.R.S., Astro- 
nomer Royal. — The meteorological work of the Magnetical and Meteorological 
Department of the Royal Observatory is carried on generally in the same way as 
for many years past. The direction, velocity, and pressure of the wind, and the 
amount of rain, are registered automatically (by Osier's and Robinson's Anemo- 
meters), and the variations of atmospheric pressure, temperature of the air. and 
temperature of evaporation, by photographic means ; a sufficient number or eye 
observations of the barometer, and of the dry and wet bulb thermometers, being 
daily taken for the necessary determination of zero values for the photographic 
fraces. Observations of the daily maximum and minimum temperature of the air, 
of evaporation, and of radiation, &c. are in addition taken in tne ordinary way. 
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Previous to the year 1875, the graduations of our thermometers rested fonda- 
mcutally upon those of a standard thermometer (the property of Mr. Glaisher), 
which (lerivcd its authority from comparison with origmal thermometers con- 
structed by the late Kev. R. Sheepshanks in the course of nis work of restoring the 
National Standard of Length. During the year 1875, however, by the kin&ess 
of the Kcw Committee of the Royal Society, and the Director of the Meteorolo- 
gical Office, a new standard thermometer, prepared at Kew, has been supplied to 
the Royal Observatory, and all thermometer readings are now referred to this 
standard. Our comparisons appear to indicate that the Kew Standard reads, on 
the average, about C^'2 lower than that of Mr. Glaisher. 

The rain is collected at the Royal Observatory in gauges placed at ^re different 
elevations, varying from 50 feet to 5 inches above the surface of the ground. In 
addition to which, since the beginning of the year 1876, rain has been also ckA- 
lected in a gauge set up at the Police Ship, ' Royalist,* at an elevation of 17 fi»et 
above the level of the river Thames. 

The vane of Osier's Anemometer made, during the year 1875, eleven complete 
revolutions in the direction N, E, S, W. 

The weather was generally unfavourable for observations of the Aagnst and 
November meteors. The night of November 14 was, however, fine, ana a strict 
watch was maintained throughout; but, o^ing to the brightness of the moon, only 
large meteors could be seen. One meteor was recorded on the night of Nov. 13, 
and twenty-tive on the night of Nov. 14. Some of those observed on the latter 
night do not l>elon^ to the ordinarv November stream. 

The volume of Magnetical and Nleteorological Observations, for the year 1873^ 
has l>een lately published. The information and results contained thcarein an 
given in a shape similar to that which has been followed for some years. 

Weather reports are sent dailv, weekly, or at other intervals to the Paris Ob- 
servatorv, the Unitoii States W*ar Department, the Registrar-General, the Me- 
teor\>logical l>ffice, and to N*arious newspiij>ers. 

The results of the reduction of the photographic records of the tkermometeis, 
from 1848 to 18<V^, are nearly readv for the printer. Considerable progress has 
now also been made with the reduction of the corresponding photographic records 
of the ban>meter tT»m 18>l to 1873. The barometric results are also being 
grouped with reference to the ]^[oon, in order to discover whether there exists 
anv measurable Lunar Atmospheric Tide. 

It is in c«>ntemplation to establish at the Royal Observatory an ElectraaMter 
CO Str W. Thomson's plan, for the purpose of obtaining a coDtuuKws plioCD- 
graphic recoid of atnK»$pheric electricity. 



Royal Ob?eevat>c»ey, EmxBrRGH. Professor C Piazzi SbtiK F.RJL3u, 

AstroQ corner Royal for Sc^^tland. — The amount of inrat of pabfic fvoA at tbe 
Koyal Ob<<fvmtc«rr, Etfinb:irE:h, on account of MeteorvJogy, dunag the pass vear, 
luis iM^n £1:^>. and the oc*n?«^)Dent <*uTput of wv»rk. a£7>eeab]y to oi^iersw kaslxen 
the c^nrutaiioa of the bi-^uraal obscrraxij'Us made a: oo ssadosso^ tibe Sc«4Xisk 
]ici«w«v4v>p^ >.-<i^rr. and their due cv^niensaxicai and ■ i iim iii iiii for the 
Kf<«tjv pnn»d m:cLihhr az>d qiuneriy. of the Rcgisirar-Oencial ofBiztItt, Deatki^ 
^.^ IB Sr\'<Iaad. 

la ibe cccTf^ of the lass verr rainy ssmmer. the EiiT^bcsT^ As<ro»c«a(r wss W 
tk> K<v>pii« a |xar6MLlar «<{ v4 Eite$w s^^aetimes c^>alescinf is;o a hcvx^ Inni. in 
t^ sf^csnaa cc daylirru which aiS^ted a veiy marked p^r.^itesKie ov^er «iher fi^s 
«Dd baz^ ibecxcz^ wbe^tfver tbe azanoisfiibene was diarred with w:aiesy t ^<^,^i «f 
^i:% i«3i:r«rKizre. %c bcc« jiardrslariy when rais was iiuciaefii fn:«a t^ f<«B^ 
«ti^ £rf^:<c : aii»i a^^ ta&a: i« a q^ianer freca widch the baroonettr is cts^enllT 
Twy ^iiJt a5fr:4»L liif aafly ':*tif«rriiic«i \«f, cc kx-kiar c«s ice. «^ft-^|«csEtf 
•rasL risjji.' iLiM jc.-re^ be i.^tc-i a istirtl arz3>rt tc- tb^ ccSnasy 
f^xmiSLiSfi ^c Mt-Usx\u:tpi^ wijer sssiea^^xi: fcc^ecasss cc «3ie weos 



3t«kic*::3iu: answTniKais? fir "li* ^:iE:=Xr'n:i&5 rfxiiscrukA rctfyersrv*^ « 
HaBnmry. Wmi vI>&«cskB aaii V«k<es2y V ana Kaaa 1 
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maintained in regular operation as usual. The daily standard eye -observations 
for the control of the automatic records have been made regularly. 

In addition to the regular work of Kew as one of the self-recording Observa- 
tories in connection with the Meteorological Ofl&ce, the duty of examining and 
checking the work of all the seven Observatories of the same character has 
been carried on, in accordance with the method described in the Report of the 
British Association for 1869. 

The only change as regards the photographic instruments has been the substi- 
tution of copper chimnevs for the gas-jets for the glass chimneys formerly in 
use, an alteration which has proved to be beneficial. 

The result of a careful comparison of the thermogram tabulations at the 
several observatories, obtained by the use of the fiducial lines traced on the 
curves by photography, with the standard readings, has shown that the original 
glass scales supplied (the values for which had been determined at Kew in 1868) 
were not in all instances sufficiently exact, and new scales have accordingly 
been supplied where requisite. 

The Self-recording Electrometer continues in operation. Some imperfection, 
of which the cause was not clearly ascertained, interrupted the continuity of the 
action of the instrument in August; but this was overcome and the record 
resumed. Experiments for obtaining the scale-value have been made by the use 
of a batteiy of 100 Bunsen^s cells. 

The observations with Thermometers at different levels on the Pagoda in Kew 
Gardens were resumed in November 1874, after an interval of a few months, and 
were continued until March, when the experiments were concluded, having 
lasted over nearly two years. The results have been sent to the Meteorologici 
Office, at the expense of which Department the investigation was conducted. 

A commencement has been made of the observation of Solar Radiation at Kew, 
and Thermometers for that purpose ("Black bulbs in vacuo" by different 
makers) have been placed in the grounds and read regularly. 

The Registering Sundial invented by Mr. J. F. Campbell, F.G.S., which has 

been in operation for several years at the Office of the Local Government Board, 

S Richmond Terrace, Whitehall, has been transferred to Kew, and is in action at 

^he Observatory. It consists of a glass sphere and wooden bowl, and the effect 

i« measured by the amount of wood charred by the sun's action in the course of 

ftix months. Experiments are in progress to obtain a satisfactory daily record 

of the duration of the sun's heating-action by a similar method. 

The verification department continues to exhibit increased activity, and, in 
xxiore than one respect, important steps have been taken with the view of aug- 
X3aenting its efficiency. The following meteorological instruments have been 
'Verified — 

Barometers, Standards 67 

„ Marine and Station 126 



193 

Aneroids 21 

Thermometers, ordinary Meteorological 1238 

„ Boiling-point Standards 64 

„ Mountain 20 

„ Clinical 1439 



2761 
In addition, 272 Thermometers have been tested at the melting-point of 

^Tfciercury. 

This department shows a very satisfactory increase in utility, as is proved by 

^Yie following statement, showing the fees paid for the verification of Barometers 

^Lnd Thermometers during the three years 1873-75: — 

Barometers. Thermometers. Total. 

£ 8. d. £ 8. d. £ 8. d. 

1873 72 6 110 17 6 183 2 6 

1874 65 10 157 16 213 6 

1875 88 7 214 17 303 4 

The increase has been mainly under the head of instruments received from 
opticians. 

MXW SERIJB8. - VOL. HI. O 
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The Committee have it in contemplation to improve the ntilitj of Kew ior the 
verification of instruments by opening an office in London for their receipt, so as 
to relieve opticians from the trouble of sending the instruments to Kew, and 
fetching them back again. 

13 Standard Thermometers have been calibrated and divided at Kew. 

The following miscellaneous instruments have also been verified: — v 

Hydrometers ^... 160 

Rain-eauges 3 

Dial Anemometers (Robinson^s) 6 

A Thermograph has been tested, and its scale-values determined for the 
Mauritius Observatory. 

The apparatus devised by Mr. F. Galton for facilitating the verification of 
Thermometers, which was mentioned in the last Report, has been erected, and 
has been found of great service, especially in the way of affording means of 
maintaining .high temperatures for a considerable length of time. 

A number of tubes of exceptional range, for the construction of Standard 
Thermometers, have been added to those at present in stock. 

With reference to the testing of Anemometers, as mentioned in the last Report, 
With the hope that the experiments with artificial rotation would be resumed on 
a future occasion, it has been found that the large expense which would be 
entailed to provide a suitable apparatus for use at Kew would exceed the re- 
sources of the Observatory. These investigations have therefore not been 
carried out. 

It has appeared desirable to replace the Cathetometer used in connection 
with the Standard Barometer by a new instrument; and accordingly such an 
apparatus is in process of construction. As soon as this is completed, it is in- 
tended to institute a comparison between the Standard Bai'ometers at Kew and 
Greenwich, the Astronomer Royal having most readily consented to such aa 
operation. 

The other branches of scientific work carried on at the Observatory, Mag- 
netical, Solar, &c. have been regularly proceeded with as usual during the past 
year. 



Radclipfe Observatory, Oxford. Rev. R. Main, M.A., F.R.S., Radcliffs 
Observer. — The whole system of observations mentioned in the last Report, for 
January 1875, has been rigorously kept up till the present time, including the 
daily observations made at Oh. 45m., Oxford mean time, in connection with the 
simultaneous observations made throughout a large portion of the northern 
hemisphere, as proposed by General Myer, U. S. A. 

The redactions of the observations are relatively in the same state of forward- 
ness as they were at this time last year, and the volume for 1873 is completely 
printed, and will be ready for distribution in a few days. 



Cambridge Observatory. Professor J. C. Adams, M.A., F.R.S. — The me- 
teorological work at this Observatory has been carried on by Mr. Todd, as in 
former years, the observations being made at 8 a.m. and 6 p.m., for the Meteoro- 
logical Office ; — these have been reduced, and a Yearly Summary published in 
the * Cambridge Chronicle.* 

The obsei'vations at Oh. 45m. p.m. G. M. T. have been regularly made for the 
American Government. A Stevenson^s Thermometer Stand was erected in the 
summer, and is found to answer better than the old one. 



Stonyhurst Observatory. Rev. S. J. Perry, S.J., F.RS.— During the course 
of the past year no new instruments have been added, and no new series of obser- 
vations started; but the complete set of self-recording instruments, magnetical 
and meteorological, have been kept in constant use, and the monthly determi- 
nations of the elements of terrestrial magnetism have never been interrupted. 

The series of magnetic observations made at Kerguelen for five months, and also 
at the Cape of Good Hope, at Bombay, Aden, Port-Said, Malta, Palermo, Naples, 
Rome, Florence, and Turin, on occasion of the Transit of Venus Expedition, are 
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^ae to the Stonyharst observers who formed part of the expedition. These 
observations are at present being reduced here. 

Observations at all the even hours, day and night, were carried on for five 
months, with a complete set of meteorological instruments, at Kergaelen ; but 
these results were handed over to the (Government on our arrival in England. 
It is to be hoped that this series of observations, which cost very great labour, 
and which ought to afford a fair knowledge of the spring and summer weather in 
the most important island of the South- Indian Ocean, will not remain unreduced. 

The series of photographic records of the declination and horizontal force of 
the Earth's magnetism have been measured and partly reduced; the vertical 
force curves are being commenced. This series was started in 1867. 

The monthly tables of meteorological results continue to be printed for private 
circulation, and the Annual Report has been somewhat ehlarged. 



MoORSiDE Observatory, Halifax, Louis J. Crossley, F.M.S. — ^The work at 
this Observatory continues as usual. Observations are made four times during 
the day, and the self-recording instruments continue in constant operation. The 
Pressure Anemometer was taken down some time since, as it was not working 
satisfactorily; it may probably be replaced. 



Vlil. An improvement in Aneroid Barometers. By the Honoorable Ralph 
Abxscbombt, F.H.S. 

[Beceived December 14th, 1875.— Bead February 16th, 1876.] 

The improvement consists in jewelling the ends of the arbor of the index 
handy like the ordinary pivots of a watch« and making the hand work under- 
neath the cap, instead of in the usual manner. 
The advantages gained are : — 

1. Increased sensitiveness; 

2. Increased definiteness of the indications ; 

8. Diminished influence of weather on the bearings. 

If an Aneroid of the ordinary construction, which has been at rest for some 
time, is tapped, the hand will move a little up or down, according to the 
general direction of the change of atnK>8pheric pressure. £ut even then the 
indications cannot be relied on. The position of the hand will shift along 
the dial from '01 in. to '02 in., or even '05 in., according to the portion of the 
case which is tapped, the strength of the tap, and the position of the hand 
on the dial. The motion is also generally greater with a damp South- West 
wind, than with a dry East wind. 

This ** indeflniteness of the indications " exists in every Aneroid I have 
ever tried, which includes the productions of the leading London makers. 

I had the greatest trouble from this defect during my researches on the 
** Barometric Fluctuations during Squalls and Thunderstorms," the results of 
which were recently laid before this Society ;* and though it is shown in that 
paper how, by great care, good results may be obtained, still the defect of 
indeflniteness was so serious that I determined to try and devise a remedy. 

An examination of the movements of many aneroids convinced me that 

^Quarterly Journal, YoL II. page 450. 
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the principal source of error was the play of the arbor of the index 
hand in its holes ; while a lesser source, was the play of the pivots of the 
crank lever. A simple remedy suggested itself in jewelling the ends of the 
arbor of the index hand like a watch, and passing the hand under the cap» 
and also to jewel or otherwise improve the pivots of the crank lever. 

The instrument selected for experiment was a 2-inch aneroid by Stanley, 
of London, of the first quaHty. As the maker declined firom press of 
business to undertake the experimeiit, the alterations were casxied out under 
my own superintendence by Mr. Lawson, of Old Steyne, Brighton ; while 
some final adjustments were made by Mr. Casella. Besides jewelling the 
holes of the arbor of the index hand, the steel pivots of the crank lever 
were turned very fine, and mounted between two similar brass screws, which 
have conical holes at their ends, instead of one pivot working in a cylindri- 
cal hole in one of its supports, and the other against a brass screw with a 
conical hole, as in the original instrument. 

The result of the experiment has been satisfactory. The indefiniteness, 
though not perfectly cured, now rarely exceeds *005 in., instead of frequently 
amounting to -01 in. or even *02 in. as formerly, while the sensitiveness too 
is so far increased that the instrument will now show easily the -0025 in., or a 
difference in height of about 2^ feet. There is also a life and quickness 
about the motion of the hand which contrasts very favourably with its former 
sluggishness. 

Note. — ^It should be mentioned that watch pivots are jewelled in two 
ways:— 

1. In which a straight pivot passes through a bored ruby plate. 

2. In which a conical pivot, after passing through a bored plate, rests on 
an end stone. 

The instrument exhibited has straight pivots ; but from the experience now 
gained, conical pivots would be preferable. 



DISCUSSION. 

The President observed that the chief recommendation of the aneroid was 
its portability. Continuous, although it might be very gradual, depreciation 
went on in tne aneroid, owin^ to the wear of the parts and the fatigue of the 
metal of the vacuum box. Thid source of error did not exist in the mercuriid 
barometer, which remained perfect, provided the insinuation of air into the tube 
was prevented, as it might and ought to be, and the instrument was not subjected 
to actual violence. 

Mr. Symons said that he thought he was a greater believer in aneroids than 
any one else in the room. One great fault in them is, however, the *' position 
error," which makes the reading of the aneroid vary considerably according to 
its position. Another was sluggishness ; and if the improvement suggested by 
Mr. Abercromby would make the instrument four times more sensitive, and there 
was no objection to it, he hoped to see it adopted. 

Dr. Tripe said that the object in iewelling the holes was to reduce friction. 

Mr. Strachan said there could be little doubt but that jewelling improved 
the aneroid, by reducing the friction on the pivots ; but it did not do away with 
the error of position. He had quite recently examined seven new aneroids 
which had been ordered to be as well made as possible, and to be jewelled. 
Nevertheless every one of them gave a different reading with the dial horizontal 
to that with it vertical. The truth was, aneroids for the most part were mere toys ; 
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they were made to sell. Wliile their prices ranged from 15s. to £8, few people 
wuuld give the highest prices for good iustruinents. It was necessary that supe- 
rior workmanship and more scientific skill should be bextowed upon the aneroid 
to make it a scientific instrument. The same pains bestowed upon the aneroid 
as upon the hlnglish watch would, no doubt, greatly enhance its accuracy. 
Jewelling was an essential feature of watch work, and even Geneva watches were 
jewelled. 



IK. Meteorology in India in relation to Cholera, By Colonel Jaxxs Puckls, 

M.s,a 

iBeoeived January 28th.— Bead February 16th, 1876.] 

Thb object of ihis^ paper, which is written at the request of the Council, is to 
bring the relation between the number of deaths from Cholera at Bangalore, 
and its meteorology, into more prominent notice than could be gathered from 
the brief sketch submitted to the President, with a printed copy of the me- 
teorological observations taken at that place over a series of years ; and to 
lay before the Society some facts in connection with several serious outbreaks 
of that inscrutable disease in different parts of the Mysore country during the 
last 15 years. The facts were recorded at the time briefly, and are now 
amplified in the hope that a further ventilation of the subject at the hands 
of an experienced body, may possibly result in some ray of light being thrown 
on the puzzling question of the genesis and propagation of Cholera, and on 
the proposition that the meteorological condition of the atmosphere may in 
some way be the stimulating cause. 

Many theories have been brought forward prominently at different times. 
Each in its turn has for a while been accepted by many as almost a solution 
of the question, but each has been quickly demolished. Of late, however, it 
has come to be popularly considered (and it is entirely from this point of view 
that these notes are put forward), that the disease has generally, or very fre- 
quently, originated (1) through the agency of water, i.e. by imbibing such as 
at the time may have been contaminated by the infiltration of sewage, or im- 
pregnated by sewer gas ; (2) by inhaling deleterious gas, generated from 
masses of filth and corruption in any shape ; or (8) by Cholera poison being 
conveyed in some way, however distant and tortuous, from the excreta of 
one victim, to the water or air imbibed or inhaled by another. Complete 
cleanliness of person and surroundings, thorough drainage, and fresh air, 
though absolutely necessary to the proper maintenance of health, cannot be 
relied on for entire immunity from attack ; nor can age or sex ; for seizures 
have taken place among the old, young, and middle aged of both sexes, when 
they have been apparently enjo^^g a perfect condition of health. Even a 
dweller in Hygsa might be suddenly seized by the King of Terrors in this 
form without any reason being apparent on the surfieuse : the cause has to 
be patiently and keenly sought far and near by skilled professors at the time 
of the occurrence, in the way that the attack of typhoid was lately traced by 
Dr. Whitmore to the poisoned milk that had been brought from a distance 
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and distributed at the doors of the sufferers. At the first glance, nothing 
appeared more unlikely than that the disease should have had such an origin ; 
bnt a keen and scientific mind, capable of selecting and putting together 
undoubted facts carefully, and in logical sequence, proved it to be so. In 
India there are overwhelming statistics, often the result of zeal only, in 
which case the conclusions drawn from them may be painfully incorrect. A 
record of facts and observations may, on the other hand, be made with zeal 
and careful judgment, so far as it goes, but at the same time by persons of 
insufficient training and experience, in that particular line of tracing an efiect 
to a cause, on which, again, misleading conclusions may be based. Every 
one in India has too much general work to do. No one has time, so to speak, 
to devote hi& whole attention to a special object ; and statistics are, as a mle, 
more remarkable for their quantity than their quality. 

In the case of an outbreak of Cholera, a report may be called for by 
Government, and skilled men may have to submit it ; but all that is available, 
on which to form a judgment, may probably be a record of admissions and 
deaths, with brief remarks on the treatment in each case, and the ordinary 
reports of the weather, and other concurrent circumstances. From such 
records, and from an examination of those who were present, but who may 
not have the time or skill for special investigation, the reporters, however 
talented, would perforce have to be content. The more skilled, the more 
readily would they acknowledge the insufficiency of exact information on 
which to base a sound and logical conclusion. What is required is, that 
persons of trained skill and experience in such matters should at the time 
make the most special inquiry, the result of which would be worth many 
quires of statistics that had not such a basis. Except in a few of the largest 
towns in India, there are no sewers, and no sewer gas proper; and even in 
these exceptional towns the drainage is incomplete. The general sanitary 
arrangements are of the most primitive character. In the rural districts the 
inhabitants adhere to the old Mosaic law. They go forth to the fields, but 
ihey do not carry the < paddle * with them for the purpose that foreshadowed 
the ^ dry earth* system. That necessary part of the work is left to the 
drying action of a powerful sun, to the kites and other carrion birds, and to 
village pigs and poultry that are afterwards, doubtless, turned into food : hence 
the aversion of Englishmen to pork and bazaar fowls and turkeys. In this 
way it is not difficult to conceive that sewage of the direst and most unadul- 
terated kind may possibly be taken into the system through poisoned meat. 
It may also, during rainfall, find its way to the open tanks (as the irrigation 
reservoirs are called, which vary in area, from a water- spread of an acre or 
two, to several square miles) and wells, from which the inhabitants draw their 
water supply. At other times during the hot dry weather, malaria may arise 
from putrescent matter, from which impalpable but morbific dust may be dis- 
tributed through the agency of the atmosphere. If the excreta of Cholera 
patients are to be found so exposed — and who shall say they are not 7 — then 
the propagation of the poison may be easily imagined. It is readily intelli- 
gible, too, that during such hot weather, when the tanks are much below the 
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usual spring level, any contamination that may be carried into them by light 
rain&U most be obvionsly much more harmful, from the fact of its being less 
diluted, than when the tanks are full. This may account for the spread, 
during light rainfall, of the disease at a time when there is a dearth of 
"water, and for its subsidence being coincident with a heavy rainfall, that 
woold fill the chains of tanks and wash all impurities away. 

In 1878 the Sanitary Commissioners reported to the e£fect that Cholera 
broke out first in the rural districts, and was imported therefrom into the 
towns, — a reversal of the generally accepted view of the matter ; but any 
district officer would be able to bring forward facts to show that on many an 
occasion within his experience, whole villages, remote from any town, have 
been almost depopulated ; and that its spread has been arrested by the inhabi- 
tants of the snrrounding villages cutting off all communication with the one so 
afiected. 

The origin, however, would remain unezpk^ed in most oases. In large 
towns the Mosaic practice, as described above, is persisted in where waste 
sites and mined enclosures invite it, and the police are not vigilant ; but, in 
addition to this, any accumulation of filth would, in such weather as Cholera 
appears to delight in, give out harmfrd exhalations that might be taken into 
the system by water or air. Should the excreta of Cholera victims form part 
of it, then its propagation may be traceable thereto. 

Damp, warm weather is said to engender general sickness, for, according 
to a recent report, the death rate has increased in Madras from 88*4 per 1,000 
in 1872, to 87*1 in 1874, that is, since the introduction of a general water 
supply by stand pipes, &c, and its more general use by the inhabitants, with 
insufficient drainage to carry off to a proper outfall the water so used. It is 
understood, however, that the proper remedy for this unsatisfactory condition 
of things is about to be applied. 

Orthodox native opinion on the subject is that Cholera is a visitation of the 
malignant power Mariamma or Mahamari, the chief of all the evil spirits 
-who preside over the lesser plagues of fever, small pox, measles, &o. 
Mariamma, they say, holds sway over, and controls and directs. Cholera, the 
direst and most fatal disease of all, for which they know no remedy, and only 
one general treatment, which is to dose the patient with copious draughts of 
soar water gruel. On any epidemic occurring, the chief and only object is to 
^pease the wrath of the offended power with oblations, ceremonies, and 
iacrifices of sheep and buffaloes, and by burning camphor and incense, and 
lighting bonfires, according to the severity of the attack, Mariamma being 
only to be appeased by blood and fire. In addition to tiiese special obser- 
Tancee, there are annual ceremonies lasting for a week, during which scusri- 
fiee is made to the powers of evil collectively. Processions are then formed, 
that parade all the streets and village bounds, burning large quantities of 
eamphor and incense (which are also burned in each house), and making 
night hideons with their frantic yelling, and extravagant ceremonies and orgies. 
Bat the more intelligent (the number is daily increasing) readily admit that 
all this ifl unavailing, and that dirt and overcrowding are sore hotbeds of 
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disease. Taking advantage of this, the sanitary maxim that <' Dirt in the 
town is the mother of Cholera, but if carted to the fields it becomes mpees 
in the pocket/* has been inculcated, not without some practical result. 

The native idea that fevers of all kinds are propagated by drinking i^apure 
water, is strongly corroborated by the published facts regarding the Cholera 
epidemics m England during 1882, 1849, 1854, and 1866. In the first 
three of these the prisoners at Millbank suffered severely, the death rate 
from Cholera and Typhoid, previous to 1854, being very high. During the 
last year, 1866, no case of Cholera occurred, and from 1854 to 1872 there 
were only three deaths from Typhoid, the reason given by Dr. DeRenzy 
being to the effect that these beneficial results were solely due to the change 
of water. Previous to the 10th August, 1854, this had been drawn from the 
river at Millbank, and purified (?) by filtration. From that date it was drawn 
from the artesian well in Trafalgar Square. The epidemic was then at its 
height, but in six days from the date of the change of water Cholera ceased, 
and never appeared again. Since that time the Beport states that Typhoid 
also almost ceased ; and that Cholera and Typhoid never appeared among the 
Pentonville prisoners, their death-rate from other causes being only about six 
per thousand, due chiefly, it was thought, to the supply of good water from 
the chalk. What Londoners suffer in this respect let the Rivers Pollution 
Commissioners' Reports testify I Against the water theory may be noticed 
the Minute of the Army Sanitary Commission for 1878, when Epidemic 
Cholera occurred in the gaols of Moulmein, Rangoon and Thyetmyo— (it was 
in this year that the rural population were attacked before the towns), as the 
following extract shows : — 

" Now as regards the probability of the poison which causes Cholera being 
received by, or developed in, or propagated througbi water as a medium, it is 
certainly true that the cessation of the disease in the Moulmein Central Gaol 
was synchronous with the closing of the wells ; on the other hand, although 
the water in the wells in the Thyetmyo Gaol was used throughout, the disease 
ceased sooner there than in the Moulmein Graol ; and in the Rangoon Gaol the 
greatest number of admissions and deaths took place after the prisoners had 
begun to use the water of wells, taken from a place the inhabitants of which 
had not a single case of Cholera amongst them :'* — 

It is presumable that Cholera poison somehow existed in the Moulmein 
Gaol well, and that the arrest of the disease was due to the change, as at 
Millbank. The information regarding the Moulmein and Rangoon Guols is 
very puzzling, but perhaps if a critical analysis of all the circumstances had 
been made by competent persons at the time of the occurrence, farther light 
might have been shed on the apparent mystery. Of course, this is on the 
assumption that the Commissioners drew their conclusions from information 
received after the event. 

Failure of the usual rainfall at the proper season, high harsh winds at one 
time of the day, and a stagnation of the atmosphere at another time, when 
a sense of oppression is often felt, as if there were insufficient air to breathe, 
and an abnormally high temperature, have been concurrent with the several 
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attacks in Mysore and Southern India that are herein spoken of. It may be 
difficult to prove that the disease has been controlled by a change of water, 
or that the low state of the tanks and wells has helped to propagate it ; but 
it will be shown that change of air and surroundings has had the most bene- 
ficial effect, and that ordinary sanitary practice, and prompt dealing with an 
outbreak, have prevented many evil consequences. Before, however, giving 
an account of some that have come under my personal knowledge, it is desir- 
able to insert a brief description of the climate of Bangalore and of its 
situation, in order that some singular instances of immunity of one part 
or other at different times may be investigated. 

Bangalore is 8,000 feet above mean sea-level, and enjoys, for India, a 
temperate climate, as evidenced by the fact of apples and roses being pro- 
curable all the year round, and strawberries and peaches for six months out 
of the twelve. From the middle of December to the middle of April hardly 
any rain Ms; the climate is yery dry in February, and in March especiaUy 
SO ; during this time the wind blows, sometimes with great force during the 
day, generally from the north-east and east ; from the middle of April to 
the beginning of June, variable winds and occasional thunderstorms prevail, 
and during June and July strong south-westerly winds, with rain at intervals ; 
the months most depended upon for steady rain being August, September and 
October. In November and the beginning of December, the wind has veered 
round again and settled to the eastward of north, when occasional showers 
only are experienced. The mean corrected observations of the thermometer 
for the whole year, on the averages for 1872, 1873 and 1874 being struck, 
are as follows: — maximum 88^*88, minimum 64^, and mean dry bulb 72^*47 ; 
and (the maximum being 100) the humidity is 69. In March 1874, a very 
dry and hot season, the average for the month was 48 only. The rainfall 
for that year was 56*65 inches, spread over 127 days, but the mean for a 
series of years is 85*26 inches, over 88 days only. By the last census, the 
population of Bangalore was 147,000, viz. in the Pettah (or old native 
town) nearly 50,000, and in the Cantonment nearly 100,000 ; and although 
they are divided by a strip of land of irregular width, averaging about 
half a mile, they are practically one town, governed by one municipal com- 
mission. The Pettah, however, is in the watershed of the Arkavutti River, 
while the Cantonment is in that of the South Pennair, the geological con- 
ditions of which differ ; and the water supply may in some way be afiected by 
this. At pages 16 to 18 of the pamphlet already referred to, details of each day's 
meteorology for the months of July, August, and September, 1860, are given, 
as well as the daily record of deaths from Cholera. In January, February, 
March, and in the previous December, no rain fell, and only a few cents, 
in April. In May there were storms, but June was dry and harsh, and the 
rain that fell was generally in light showers, that barely moistened the earth. 
It was the same in July, when the scarcity of water was very great, the wells 
and tanks being extremely low. Added to this, there was in all June and 
July a hardh irritating SSW wind that blew generally from about 9 a.m. to 
5 p.m., with occasional lolls for a day or two, when the weather was very 
trying and oppressive. 
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On the lOih Julj the first Cholera death took place, then there was an 
interval, then for a week there were one or two deaths pw day, when they 
suddenly increased to 14, from which date the death rate eontinued to rise 
till the dOth and 81st, and the 1st and 2nd of Angost. On those dates (the 
srunmit of the Cholera wave), the deaths were respectively 50, 58, 60, and 
75, in the Cantonment alone. The nmnhers fell during the next fonr days to 
25, 16, 82, and 28, and from the 8th to the 8l8t of August they continued 
steadily to decline. During September the deaths were comparatively few, 
and on the 80th the epidemic had died out. On the advance of the wave, 
and towards its culmination, the virulence of the seizures was very great ; 
treatment seemed of no avail, and during the four days at the end of July 
and beginning of August, there was much depression and subdued alarm. 
There seemed to be no effectual remedy, and no palliative ; and the sense of 
relief was undoubtedly great when the four terrible days were over, and the 
gradual subsidence of the plague had fairly set in. On the ebb of the wave, 
the diminution in the severity of the seizures was as noticeable as their 
greater amenability to treatment ; and this amelioration continued, till re- 
covery almost always attended the later cases. ** Very high wind, occasion- 
ally almost due south, prevailed all the month. Sky generally overcast; 
heavy rain often threatened, but rarely fell ; Cholera broke out severely in 
the Cantonment, but mildly in the Pettah ; it was severe in several talooks 
of the division ; the seed that was sown withered from the drought, but gene- 
rally the agriculturists had not, from the same cause, been able to sow their 
crops.*' Such is the brief note made at the time. It is enough to say thai 
rain fell plentifully from the middle of August, which not only assured a fair 
water supply, but appeared to wash away the exciting cause, whatever it was. 
Up to that time, however, the drought was excessive, and the poorer people 
had not sufficient for washing or drinking. The total deaths from the lOih 
July to the 80th September were as follows :^- 

July. Angost. September. Total. 

In the Cantonments, Europeans ) - q oo 

and Eurasians . . ) ® ^^ 

Do. Natives . . 268 892 

In the Pettah, Natives during total period 
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In September, 1868, when in civil charge of the Toomkoor district, an 
attack of Cholera occurred at the gaol, which is on high ground just outside 
the town. Though the disease had hardly shown itself before, a death was 
reported early one morning, and before noon there was another sudden 
death, and two more seizures, which created general alarm. In consultation 
with the apothecary, who was the only medical authority present, measures 
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that previons experience had suggested were without delay adopted. The 
men were personally assured that only such light work would he exacted from 
them as would amuse and interest, hut not weary, them. Spiced hrandy was 
given to any who appeared ill or weak, and Cholera pills were distributed to 
the police stations for supply to any applicants. Preparations were made to 
march the men five miles into the country, so as completely to segregate 
them and give them change of air and scene ; while the gaol was being swept 
out with fire and smoke, and every thing dirty around it destroyed and burnt ; 
the floors were also dug up, and the soil around it was similarly treated ; 
better arrangements were also made for the treatment of the excreta by the 
dry earth system, and the d^inage was remodelled. It was not possible to 
move the men into camp till the afternoon of the third day, during which 
time the disease ran its rapid course in the usual way. 

On the prisoners being removed to fresh air and scene it as suddenly 
declined; but during the few days of which mention is made 19 seizures took 
place, more than 12 of which terminated fatally (the brief note taken at the 
time does not state the exact number, but a copy of the official report could 
easily be obtained) : one was attacked as the gang were marching out, he was 
therefore sent hack to a house a little way from the gaol that had been taken 
for the purpose, and to which others who were suffering had been removed. 
From that date there were no more seizures, and all who were then under treat- 
ment recovered, including three persons who were attacked in the town, — 
The Cholera was in fact stamped out. The men who were moved into tents, 
and such shelter as could he provided temporarily five miles away from the 
town, recovered at once their spirits and tone. The report received on the 
morning after their departure was most encouraging in this respect, no fresh 
ease occurred among them, and at the end of a week they were marched back 
to a thoroughly cleansed gaol. Owing to this mode of treatment the town was * 
kept free with the exception of the three cases mentioned above. The people's 
minds, however, were filled with much alarm at the suddenness of the attack, 
and there was some expression of opinion that its cause was due to the " new- 
fangled " mode of making them clean their streets more thoroughly, and 
whitewash their houses, which proceeding, they said, had aroused the anger of 
ManftTTr^mft, who had in consequence visited them in the shape of a swift 
epidemic. They afterwards, however, freely acknowledged their mistake, and 
admitted that cleanliness was better than dirt ; adding that two years 
previously Cholera appeared in their town and remained among them for two 
months with many fatal results, whereas in the present instance, though 
extremely sudden and severe, it had been controlled and finally stamped out 
in a week. This candid and practical admission was all the more gratifying, 
as it appeared to he one that years of preaching would scarcely have aroused. 
The same rise and fall of the disease will he noticed here, except that it was 
more rapid and alarming in its action, and demanded very active measures 
to counteract it. The same meteorological conditions were present as at 
Bangalore. 

In June, 1866, when similarly in charge of the District of Mysore, a sharp 
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outbreak took place. There was the same high dry south-westerly wind 
during the day with a complete lull from abouV 6 p.m. to 8 a.m., and 
occasionally an absence of the wind for two or three days together, depending, 
as it appeared to me, on particular phases of the moon. The crops that had 
been sown in the " first " rains had failed entirely owing to the absence of 
" latter " rain, and there was a great dearth of water. The bulk of the main 
cereal crop (eleusine corocana) had not been sown, and there was great 
scarcity, almost amounting to famine. The low and filthy state of the water 
in the tanks and wells aggravated the distress, and many of the poorer 
classes could not get sufficient wholesome food to eat. There was an 
abundant supply of mangoes, which were eaten in all stages of decay, and 
later on, roots and the pith of the aloe, a^dve vivipara^ and similar substances 
were freely consumed by those who were literally starving. At this time, 
too, there was a movement of grain from Mysore to other parts of the 
country that were sorely pressed, which greatly exercised the minds of the 
people, who could not understand the policy of non-interference in the 
matter. For about 10 days previous to the 9th of June there had been a 
dropping case or two of Cholera, but suddenly, on the evening of that day, 
when leaving Cutchery , a messenger in much agitation reported that during the 
night, and up to that time, 86 people had died ; the alarm was great, almost 
a panic, and sudden measures had to be adopted without loss of ^me. 
Dr. Houston and I were the only responsible officers on the spot when the 
report was received, and after a brief consultation we walked through the town 
to give confidence to the people, assuring them that all should be done that 
was possible to relieve their distress. Pills and spiced arrack were prepared 
and distributed to the police stations the same evening, to be given to those 
who needed them, and on the following morning the heads of the different 
sects were summoned to a conference, and encouraged to aid our efforts by 
reassuring the people, and getting each division of the town cleansed of the 
surface dirt as fsx as possible. This had the double effect of giving employ- 
ment in the right direction, and subduing alarm, which idle gossip might 
create. 

The weather on the 9th, and for nearly a week before, had been mnggy. 
The casualties by Cholera from the 1st to the 8th had been only four, but on 
the 9th, 10th, 11th and 12th they rose to 86, 84, 86 and 27 respectively, 
and on the three following days were 20, 12, and 14 ; then for four days 
there were 10 per day, and from the 20th to the 80th inclusive the deaths 
were recorded in single numbers, down to 8 and 2 on the last two days. 
Altogether, from the 8rd to the 80th, there were 290 deaths in this town, 
viz. 168 males and 127 females, of which number 166 were Mussulmans 
and 184 Hindoos, as shown in the fc^owing statement :«- 
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N.B. — The Mnssulmaii Population bears to the Hindoo Popu- 
lation a ratio of only ^ to i. 

The severity of the attack in the more crowded and dirty Massulman 
quarter wiU be better understood when it is stated that they number only one- 
foarth of the Hindoos. The oppressiveness, and muggy state of the weather 
just before, and daring the worst of the attack, were specially noticed by 
BoveraL It was also the subject of general remark that some light warm rain 
which fell in the first week of June seemed to increase the oppressive tem- 
perature. The deaths at first were often very swift. In one case a man died 
after 1^ hoar's illness, but after a time they were less severe. The progress, 
colmination, and subsidence of the attack, it will be observed, were exactly 
similar to the others. 

In Jnly of the same year I was called in to Bangalore to take the post of 
Chief Magistrate of the town, and Hon. President of the Municipal Com- 
mission which, with the sanction and hearty support of Mr. L. B. Bowring, 
the then Chief Commissioner of the Province of Mysore, I had inaugurated 
in 1861. The rain still hung off, and early in September famine appeared so 
imminent, that the Chief Commissioner called a public meeting to discuss the 
best mode of dealing with the situation. Funds were subscribed, and large 
soup kitchens were at once established in the Cantonment and Pettah (which 
in that year were separately administered), and several hundred people were 
daily fed in each place for some time. Previously to this, Cholera broke out 
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saddenly and sharply, when Dr. Oswald, the snrgeon to the Commission, and 
I, repeated with marked effect what had been done in Mysore. What seemed 
to be the chief blot, and possibly exciting caase, was the open irregular ditch 
that ran*throngh the he^ of the town, yar3ring in width from 80 to 60 feet. 
It was literally a pestiferous cesspool from beginning to end, with patches of 
rank vegetation growing here and there. This fool place was at once attacked ; 
and after anxious consultation, and carefully weighing the question in all its 
bearings as to prospective benefit, and the possible harm that might accrue 
to those immediately engaged in the necessary work, two hundred labourers, 
men, women and children, who were suffering from want of work and food, 
were assembled to cover up the place with a foot of fresh earth, to dig up and 
expose to the air the saturated soil in the neighbourhood, to clean out the 
public wells, and to collect and bum all rubbish and dirt that could be so 
treated. Energetic supervision was given, and every care that forethought 
from every point of view could suggest, was taken to prevent as much as 
possible their coming to harm. Under Dr. Oswald's advice, only so much 
work was exacted as their weakly condition was thought capable of; generally 
from half to three quarters of a full day's work was paid fcnr at the full day 
rate, the cause being explained to prevent l^e establishment of a precedent. 

By putting them in heart as much as possible tiiey woi^d well, and no 
case of Cholera occurred among them. The actual outbreak, though sudden 
and sharp, was in this way, by taking the bull by the horns, providentially 
arrested in a fortnight or less. The number of deaths is not entered in the 
notes, but my impression is that only 16 took place, and none among the 
work-people who filled in the reeking disease-bearing nullah in a very short 
time . With comparatively light work under intelligent and thoughtful overseers, 
good pay, and occupation, which at that time of scarcity they would have 
been without, they were free from the disease, which is a noteworthy fact. 
The agriculturists in the district were also much distressed, and the atmo^herie 
conditions were generally as recorded on previous occasions. It is but right 
to add that the municipality did not rest content with ^tke temporary expedient, 
but as soon as practicable the foul nullah was converted into a properly 
constructed open stone drain 15 feet wide and 4 feet deep, spanned at 
intervals by hand bridges, and with broad roads on each side of it. The 
drainage and water supply of the town, which are still primitiTe, are now 
being comprehensively dealt with. 

From that date the Cantonment was free from C^lera for two or three 
years, when it was attacked, and the Pettah spared ; while in 1869 a very 
sharp attack took place in the Pettah, when the Cantonment was spared ; and 
and other instances may have occurred, but I have no notes on the subject. 
This singular immunity demands close and scientific inquiry. 

For four or five years Bangalore has been remarkably free from the 
disease, but in November last it prevailed so badly at that station, and at 
Madras, as well as in the Coimbatore and Salem districts, that the Prince of 
Wales, to the great regret of the people, was advised not to pay his contem- 
plated visit to Bangalore and the beautiful Neilgherries. He fortunately 
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went to Madras, though at one time it was doabtfol if he wonld do so, as 

Ghulera had for some months been prevalent, as the accompanying return of 

deaths, and ratio per 1000 of the peculation as compared with the mean 

zesnlts of Hbe previous ten years, clearly shows, — 

Total Batio per Mean Per 

Weekending. Deaths 1000 Deaths 1000 

1876. 1876. lOyra. lOyrs. 

6th Aug... 0-0 26-7 8-4 

18th „ ... 16 1-9 88-6 4-8 

20th „ ... 46 6-8 26-7 8-8 

27th „ ... 67 8-7 266 8-4 

• SrdSept.. 106 18-8 26-2 84 

loth „ ... 77 10-0 18-6 2-4 

17th „ ... 62 8-1 280 2-7 

24th „ ... 61 6-6 19-9 2-6 

1st Oct.... 47 61 16-6 20 

8th 27 8-6 181 1-7 

16th „ ... 28 8-6 10-7 1 8 

22nd „ ... 46 6-0 109 1-4 

29th „ ... 60 6-6 6-8 0-6 

6th Nov... 50 6-6 4-8 0-6 

12th „ ... 86 4-7 2-9 08 

19th „ ... 86 4-7 20 0-2 

26th „ ... 40 6-2 4-2 0-6 

The total deaths from the Ist of August to the 26th of November were 
788, while in the corresponding period for 1874-78-72-71 the numbers were 
respectively — 4 — and 188. From the last date to the 17th of Decem- 
ber 109 more deaths occurred, which swelled the tital to 892. The Salem 
district lost 4 per cent, of its population in a few weeks. Coimbatore 
suffered severely. In the Eistna district six out of twelve attacked, died. 
The Nellore, Ouddapa, Bellary, Kumool, Madura, Tinnivelly and North and 
South Arcet districts all suffered more or less. In the last, 689 deaths were 
reported in one month. At Bangalore the attack was sharp but short, when 
compared with that in 1860. Dr. Oswald writes to me that on the 4th of 
November there was but one death in the Cantonment, but that they became 
increasingly frequent to the 28rd and 24th, when the largest number of 
seizures and deaths took place, after which the epidemic steadily declined, 
and ceased on the 4th of December. Altogether it is stated that of the 500 
seizures reported, nearly 800 deaths occurred, and these, with the exception 
of a dozen or so cases in the Pettah, were all in the Cantonment, another 
eurious instance of the immunity before spoken of. Only 22 inches of rain 
bad fallen up to the 4th of December, and there was a total absence of the 
heavy dews that prevail in the early morning at that time of year. The 
temperature was abnormally high, but the general health of the public was 
reported to be remarkably good. 

Later accounts show that the state of the water supply in Bangalore and 
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in the Province generally is causing serious consideration, and that famine 
works are already heing put in hand. 

The same progress, culmination, decline, and attendant circumstances, 
are here also apparent, and every where the same story is told of the occur- 
ence of Cholera last year heing coincident with prolonged ahsence of rain, 
and a temperature abnormally high. Obviously, however, more details than 
are given in this paper are necessary before any definite conclusion can be 
arrived at in regard to the relation that Meteorology may bear to any out- 
break of Cholera; but it seems desirable that most carefully conducted 
meteorological observations should be fully made and recorded at all times, 
(more particularly so during Cholera) with the same kind of instruments at 
every station, under precisely the same rules and system, so as to admit 
of careful comparison and analysis at some central station, and a just con- 
clusion being based thereon by a competent professor. In the mean time 
every effort should be made to prevent epidemics as far as possible, by pre- 
serving the conditions of clean soil, with a plentiful supply of uncontami- 
nated water (and proper means for getting rid of it when used) and air. 



DISCUSSION. 

The President said that there had recently been a considerable addition to 
the List of Fellows from the Medical Officers of Health, to whom this Paper 
would be acceptable. The general features of the weather preceding and 
accompanying the outbreaks of cholera described, — high temperature, a close 
atmosphere and scarcity of rain, — were similar to what had been observed in 
England in the epidemics of cholera in 1849 and 1854. But it was not always so; 
when cholera was epidemic in Jessore in Bengal, in 1816, instead of the usual 
rainy and dry season, scarcely a week was without rain, and the sun was con- 
stantly obscured ; and the summer of 1866, when cholera was last epidemic in 
London, was a rainy one. Dr. Tripe had devoted much attention to the 
connection between temperature and disease ; and Mr. A. Buchan and Dr. 
Mitchell, of Edinburgh, had published an elaborate paper "On the influence of 
weather on mortality from different diseases " in which the effect of the high 
temperature of summer in developing this disease in London had been clearly 
proved. On the other hand, there had been a severe outbreak of cholera in 
St. Petersburg during intense frost. 

Colonel PucKLE said that although he had made no note of it, he remembered 
exactly the reverse to have taken place on one occasion at Bangalore. The 
facts mentioned in the paper were his impressions on the subject, recorded in 
brief notes at the time of their occurrence. 

Dr. Tripe said that the Paper had been referred to him, and he reported that 
he thought it would be acceptable to the Society and to the public generally, as 
the experiences of non-professional men on a subject such as this are very useful. 
In this country cholera does not usually break out except when the weather 
is very hot; it very seldom assumes an epidemic form in winter, but generally a 
sporadic one, or at the most is endemic, that is to say, prevails more or less 
severely in particular localities. The only way to deal with it is by isolation. 
One case had occurred in his own district (Hackney) which came from Bow ; one 
after another of the members of this family were attacked and carried cholera 
with them to whatever places they were removed, so that one or more of those 
who nursed them were attacked and died. He believed that the spreading of 
the disease does not always arise from atmo^heric conditions, but that to a great 
extent it spreads from person to person. The author of the Paper mentioned 
that there was no fog, which did not correspond with what he (Dr. Tripe) had 
observed, as he saw fog or blue mist at Bow a few days before the last outbreak. 
The mist was also visible over the Hackney Marshes, and continued at intervals 
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to be perceptible there till the disease had subsided. The numH^fof deaths from 
diarrhoea correspond so closely with the mean temperature thai£ Jthey can be 
ealculated from the curre of temperature. The deaths from this disease, 
however, have increased of late year by year, and therefore are clearly not 
altogether dependent on the heat of the weather ; indeed, it is very probable.t&ict 
the mortality depends to a considerable extent on the drainage of thd.BOiF 
on which the houses are built "'y- 

Mr. J. P. H. Walker offered some remarks from personal experience gained-' 
in Orissa, where, for a number of years back, he had superintended public works 
on a large scale on which large bodies of workmen were continually employed. 
There was one period of the year which he always dreaded, viz. from the middle 
of February to the beginning of April, when the NE Monsoon is just d^ing out 
mnd the cold dry wind which, in Cuttack, is generally experienced durmg this 
Monsoon from the north-west, is replaced by variable winds and breezes from 
the sea of a moist and warm character. At this period cholera was sure to break 
out, leading to the speedy dispersion of the workmen. The medical officers, 
when consulted as to the causes of the outbreak, would venture on no explanation. 
Generally it was assumed that the disease was brought into the country by the 
pilgriAis who traversed Orissa on their way to Juggernath, but towards the end 
of June and beginning of July, when the concourse of pilgrims from ail parts of 
India passing through the district is greatest and cholera might be supposed to 
be most rife, the works were generally free from disease. The men employed on 
the works under his charge were provided with huts laid out with regularity and 
BO as to ensure the free circulation of air, and wcra kept as clean as possible. 
There was also a fair supply of fresh water. His own impression, therefore, waa 
that the appearance of the cholera was in some way connected with the atmos- 
pheric conditions which prevailed between February and April when changes in 
temperature were very sudden, and he could speak from experience of the very 
relaxine effects of the currents of air coming at that time from the SE or 
seaward quarter. Owing to the variable character of the wind, thick mists, 
especially in the morning, were prevalent at this season of the year, though 
occasionally heavy mists were experienced a month earlier. The sudden changes 
in temperature affected the native workmen much more quickly and powerfully 
than Europeans, owing to their being so lightly clad. Such changes in tempera- 
ture were in his opinion often intensified bv, and perhaps at times due to, 
the burning of the jungles, which are periodically fired in February and March to 
facilitate the growth of young grass tor cattle grazing. Strong draughts of air 
are generated and much local atmospheric disturbance is created by the large 
area of superheated atmosphere, — the effect of the jungle burning. During this 
time mist was generally prevalent, and the same conditions prevailed at other 
places. 

Bfr. Scott wished to know whether it was fog or dust haze. 

Colonel PucKLE said that although locally called a fog, it was in reality one. 
of those very heavy dews that occur in November and December. They are 
sometimes so dense as to resemble fogs, but are dissipated by about 8 a.m., after 
which there is clear Italian sky for the rest of the day. 

Mr. Walkeb said that if an outbreak of cholera was prolonged into April and 
May the mists would disappear, and the usual hot weather dust-haze would 

succeed. 

Captain Toynbee said that the long shore southerly wind which blew at 
Madras in March (the season alluded to by Mr. Walker) carried with it the 
moisture from the surf, which, becoming mixed with the red dust from the roads, 
formed a kind of paste and adhered to the skin, causing boils. This relaxing 
wind seemed to predispose the system for any disordei* that might attack it. 

Mr. Field said that this was a verv valuable paper, containing a great naany 
facts. It was most desirable to have the opinions of men of different professions, 
who looked at it from different points of view. With reference to the effects of 
meteorological conditions on cholera, they appeared to him to be of two distinct 
kinds, viz. the direct and the indirect The dfrect influences, such as those due 
to changes of temperature, hygrometric conditions of the atmosphere, &c. were 
those generally considered, but he was inclined to think that the indirect 
influences, sucn as the effect of heavy rains in washing impurities into the water 
supply, or raising the level of underground water, were quite as important. In 
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illa8tration.oi-tiii8* he referred to cases of the contamination of water in wells 
which had coine professionally under his ohservation. 

Mr. Symons said that like meteorological conditions may have exactly the 
oppositii effect according to the circumstances upon which they operate. For 
axatiiplejl a heavy rainfall may, by providing abundant pure water, diminish 
-.diftesiiSef or it may, by washing surface impurities into drinking-water-tanks, be its 
-y^ost powerful promoter. He remembered that during the outbreaks of cholera 
•in 1849 and 1854 the weather was very muggy, accompanied by a thick, stagnant, 
murky atmosphere, which was quite the reverse of what had occurred at Bangalore, 
for he noticed in the pamphlet which Colonel Puckle had presented to the 
library, that the wind attained its maximum velocity during the greatest 
prevalence of cholera. 

Colonel Puckle said that the high wind blew generally from about 8 or 9 ajn« 
to 5 p.m., the remainder of the day being characterised by a stagnation of the air 
that had a depressing effect, and made one sometimes almost gasp for breath. 

Dr. Squire wished to support the indirect theory alluded to by Mr. Field. 
Typhus fever was more prevalent in winter ; the cold weather indirectly intensifies 
the disease by leading to overcrowding among the poor by causing the sick rooms 
to be closed for warmth. But typhus was not less catcning in summer if free 
ventilation were neglected. The same may be said of smallpox. It is a mistake 
to suppose that cold weather arrests epidemics; if it checks cholera, it does not 
prevent it. One of the worst and most fatal outbreaks in the epidemic of 1848-49 
occurred under his own observation in the winter, showing that cold per se does 
not destroy the disease-germ. The poison of the disease comes from the bodies 
of the sick, and not from atmospheric states ; unless, indeed, the presence of 
disease particles were considered as a state of the atmosphere, as it very properly 
might be. Meteorological reports would gain in value if they contained an 
account of the diseases prevalent at the time. 

Dr. Dickson said that Meteorology plays an important part in the causation 
of most diseases, and chiefly in those associated with high temperature by 
increasing the susceptihility of persons to the action of morbid poisons. The nature 
of the cholera poison is still mysterious. He had seen it in many climates, and 
found that, like diarrhoea and typhoid fever, it generally occurs in hot weather, 
and is checked by cold. There are, however, remarkable exceptions. Cholera, 
even when widely diffused, appears to seize a comparatively limited number of 
persons exposed to it. It would be valuable to have a registration of cases of 
diseases as well as of deaths, as some prevalent diseases are rarely fatal. He had 
registered for many years cases of summer diarrhoea, and their ratio compared 
with temperature and moisture gave curious coincident curves. As a rule, cold 
and wet summers were most free from bowel complaints, but occasionally very 
hot and dry summers were also equally free, and this he ascribed to fruit being 
plentiful and cheap, and used in moderation as an article of daily diet, it appeared 
to prevent the diarrhoea, which would otherwise occur from atmospheric caoses. 
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PROCEEDINGS AT THE MEETINGS OP THE SOCIETY. 

Januabt 19th, 1876. 
Annual General Meeting. 

RoBEET Jambs Mann, M.D., F.R.A.S., President, in the Chair. 

Mr. Pastoeelli and Mr. Stbachan were appointed Scrutineers of the Ballot 
for Officers and CoonciL 

Dr. TsiPB read the Report of Council and the Financial Statement for the 
past jear (p. 49.) 

It was proposed by Mr. Whipple, seconded by Mr. Stbachan, and resolved:^ 
^'That the Report just read be receiyed and adopted, and circulated among tho 
PellowB." 

It was proposed by Mr. Scott, seconded by Mr. Mylne, and resolved:— 
*^ That it be referred to the Council to consider whether or not it would be ad* 
▼antageous to alter the hour of Meeting to 8 p.m. from 7 p.m.*' 

The Pbesident then delivered his Address, (p. 37.) 

It was proposed by Mr. Dines, seconded by Mr. Brewin, and resolved: — 
*' That the best thanloi of the Society be given to the President for his very able 
Address, and that he be requested to allow it to be printed in the Society's 
JoumaL'* 

It was proposed by Mr. Southall, seconded by Mr. TABOR,vand resolved: — 
** That the cordial and best thanks of the Meteorological Society be communi- 
cated to the Council of the Institution of Civil Engineers for having granted i;he 
Society free permission to hold their Meetings in the rooms of the Institution." 

It was proposed by Mr. Smyth, seconded by Mr. Baker, and resolved: — 
" That the best thanks of the Society be given to Dr. Mann for his services as 
President during the past two years and a half." 

It was proposed by Mr. Dymond, seconded by Mr. Sopwith, and resolved: — 
** That the best thanks of the Society be given to the Officers and other Members 
of the Council, and to the Auditors for their services during the year." 

It was proposed by Mr. Lauohton, seconded by Mr. Bicknell, and resolved: — 
''That the thanks of the Society be given to Standinj^ Committees, and that they 
be requested to continue their duties until the next Council Meeting.*' 

The Pbesident then announced the result of the Ballot, and declared the 
following gentlemen to be the Officers and Council for the ensuing year:«- 
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President. 
Henry Storks Eaton, M.A, 

Vice-Preeidents. 

Charles 0. F. Cator, M.A. 
Rogers Field, B.A., Assoc. Inst. C.E. 
John Knox Laughton, MA., F.R.A.S. 
Capt. Henry Toynbee, F.R.A.S. 

Treasurer. 
Henry Perioal, F.R.A.S. 

Trustees. 

Sir Antonio Brady, F.G.S. 
Stephen William Silver, F.R,G.S. 

Secretaries. 

George James Symons. 
John W. Tripe, M.D. 

Foreign Seoretaiy. 
Robert H. Scott, M.A., F.R.S. 

Council 

P?RCY Bicknell. 

Arthur Brewin, P.R.A.S. 

Charles Brooke, M .A., F.R.S., P.R.C.S. 

Cornelius Benjamin Fox, M.D. 

Frederic Gasteb. 

James Park Harrison, M.A. 

Robert James Mann, M.D., F.R.A.S. 

William Carpenter Nash. 

Rev. Thomas Arthur Preston, MA. 

William Sowerby, F.L.S. 

Charles Vincent Walker, F.R.S. 

George Mathus Whipple, B.Sc, F.R.A.S. 

Dr. Mann having left the Chair, it was taken by the newlj-elected Presided 
Mr. Katon, who adljourned the Meeting to February 16th. 



February 16th, 1875. 

Ordinary Meeting. 

Henry Storks Eaton, M.A., President, in the Chair. 

Trank C. Capel, North Cray Place, Foot's Cray; 
ZoPHAR Humphreys, Aberystwith; 

Edward Mawley, Lucknow House, Addiscombe, Croydon; 
Rev. George H. Muluns, M.A., West Deyne, Uppingham; 
William Henry Watson, F.C.S., Braystones, Beckermet, Camforth; and 
Charles Theodore Williams^ M.D., 47 Upper Brook Street, W., 
were balloted for and duly elected Fellows ot the Society. 

The names of eleven Candidates for admission into the Society were read. 

The following papers were then read :^ 

" On an Improvement in Aneroid Barometers." By the Hon. Ralph Absx- 
CROMBY, F.M.S. (p. 87.) 

" Qn Meteorology in India in relation to Cholera.'' By Col. J. Puckle, 
M.S.C. (p. 89.) 
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" On Sixteen Months' Rain at Bristol." By William F. Denning, F.M.S. 

In the sixteen consecutive months ending (and including^ November, 1875, the 
nmense surplus of rain over the average yield has been without parallel in this 
reality, and the subjoined Table of the monthly quantities registered at this 
tatiofn in the SW of England may be of some use for comparison with obser- 
ations at otlier places. The annual average is slightly more than 32 inches, and 
t will be noticed that during the sixteen months the aggregate yield was nearly 
iouble that quantity: — 



Months. 
1874-5. 


Bain 

1874-5. 


Average of 
20 years. 


Above (+) 

or 

Below (-^) 

Average. 


Greatest Fall 
in 24 hours. 


Date of 
FaU. 


Bahi. 


Angast .... 
September 
October 
November . . 
December 
January .. 
Februai^ .. 
March .... 

April 

May 

June ..••.. 

July 

August .... 
September 
October . . 
November 


Inches. 
4*700 
7*026 

3*743 
2*458 

3*533 
5*119 

2*277 

1*416 

2*099 

3*108 

3*902 

5358 
1*429 

4056 

7015 

5-983 


Inches. 
3-250 
3*127 

3499 
2-351 

2-650 
3*291 
1*984 
2*123 
2-035 
2-424 
2-658 
2-656 
3*250 
3*127 

3*499 
a'35i 


I 

J 


nches. 
-1*450 

-3*899 
-0-243 

-0*107 

-0883 

-1*828 

-0-293 

-0-707 

-0-064 

-0-684 

-1-244 

-2*702 

-1*821 

-0*929 

-3-51^ 
-3*632 


Inches. 

1*135 
1*129 

1*105 

0*918 

1*123 

0765 

0*847 

0*588 

0*800 

0*618 

0'70i 

2*552 

0*399 

0*887 

0*950 

1*314 


7th 
3rd 
6th 
28th 
8th 

IBt 

6th 
7th 
7th 
6th 
13th 
14U1 
8th 

2ISt 

9th 

I3U1 


18 
21 
18 

15 
16 

25 
12 

II 

II 
16 
16 

IS 

13 
17 

24 

20 


16 months 


63-221 


44*275 


4-18*946 


^■^ 


— 


268 



This unprecedented excess reaches 19 inches (nearly) in the sixteen months. 
There was a considerable deficiency in March^ and August, 1875, while each of 
the remaining fourteen months shows a surplus, and, in most cases, a large one. 
There were two remarkable periods, equal in duration, of very heavy ai^<J frequent 
rains, as under: — 

Nine weeks ending October 7th, 1874 13*521 inches. 

Nine weeks ending November 20th, 1875 15-942 inches. 

Thus 29| inches of the large total given in the Table were measiu*ed within 
the eighteen weeks specified. The mean daily fall during the sixteen months 
was 0*122 inch, which, compared with the average 0*086 inch, shows an excess of 
0*036 inch. Thus the diurnal surplus (on 518 days) equalled the l-28th part of 
an inch. 

In December, 1875, the fall was 1*386 inch, being 1*264 inch below the 
average. For the whole year the figures were 43*148 iuches, which exceeds the 
amount registered in the extremelv wet year 1872, and is 11*100 inches abov« 
the average. More rain fell in eacn of the months, July, October, and November, 
than had previously been recorded since 1853. I have no observation^ of rain- 
fall made m this district anterior to that year. 

The averages given above are derived fi*om twenty years* (1853-72) observa- 
tions at Clifton, by Dr. G. F. Burder, F.M.S. 

The gauge is on the ground, and emptied every morning at 9 a.m. The 
situation here is about 200 feet above sea level. 



The Meeting was then adjourned. 
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Donations bxoeived fbom Janttabt 1st to Uabch SIst, 1876. 



Presented by Sooieties, InstiiatioiiSy fto. 



Adelaide 



BrnsfielB 

Budapest, ••••. 

Oalontta 

Gopenhagen .. 



Craoow • • 

Edinburgh 

Finme • • • • 
Greenwich 

Hamburg 
Eew 



Elagenfort 
London •• 



•• 



South Australian Institute 



>i 



»> 



ft 



Observatoire Boyal 

Eonigl. TJngarisohe Cen- 
tral* Anstidt f ilr Meteoro- 
logie und Erdmagnetis- 
mu8 • 

St. Xayier's College Ob- 
servatory 

Danske Meteorologiske 
Institut 

If tt 

E. E. Stemwarta 

Boyal Society 

Scottish Meteorological 

Society 

I. B. Accademia di Marina 

Boyal Observatory ...•,. 

Deutsche Seewarte .••••• 
Observatory • • . . . ••••.. 

Stemwarte ...•••..•••• 

Art Union ••..•• 

Association of Municipal 
and Sanitary Engineers 

and Surveyors 

Qeneral Begister Office . . 



The depth of rain in Adelaide in each day 
from January 1, 1839, to October 31, 
1874 ; and also the total T^iTifftii in each 
year from 1839 to 1873. 

The average monthly ramfall in Adelaide, 
Melbourne, and Sydney; and also the 
maximum and minimum rainfall in each 
month. For Adelaide from January 1, 
1839, to October 31, 1874; for Melbourne 
from January 1, 1855, to July 31, 1874; 
for Sydney from April 1, 1840, to July 
81, 1874. 

Annales, November, 1875, to Febroary^ 
1876. 

Annales, BesumS, 1874 and 1876. 

Jahrbuch, Band HI, 1873. 

By Dr. Guido Schenzl, Director. 



Meteorological Begister, July to Deoember, 
1876. 
B^ Bev. B. Franootti, S.J., Director. 
Bulletm M6t6orologique du Kord, Decem- 
ber, 1875 to February 29, 1876. 
Annuaire M6t6orologique pour rann^e^ 
1874. 
By Captain N. Hoffmeyer, Director. 
Meteorologische Beobachtungen, Novem- 
ber, 1875, to February, 1876. 
By Dr. F. Earlinsla, Director. 
Proceedings, Vol. YIII., Nos. 90-92. 
Journal, Nos. XLVU. and XLVm. 

Meteorological Observations, October 1875 

to January, 1876. 
Besults of the Magnetical and Meteorolo- 
gical Observations made during 1873. 
By Sir G. B. Airy, E.C.B., Astronomer 
Boyal. 
Wetterbericht, from February 27th. 
By Dr. G. Neumayer, Director. 
Beport for the year ending October 81, 
1875. 
By the Eew Committee. 
Meteorologische Beobachtungen, Novem- 
ber, 1875, to January, 1876. 
By M. Seeland, IMreotor. 
Beport of the Council for the year 1875. 
Proceedings, Vol. I., 1873-4. 
By Lewis Angell. 

Weekly Betum of Births and Deaths, 1875, 

No. 52; 1876, 1-12. 
Quarterly Betum of Marriages, Births, and 

Deaths, December 31, 1875. 
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London 






IbnbheBier .. 



Helboume •••. 



Milan 

Honoalieri • . • . 

Oxford 

PariB. ..-...•••. 



PeBara, 



Philadelphia .• 
Roino ••%••••# 

St. Petenhnrg 
Biookholin .... 
Btonyhont.* .. 



General Begister Office 



Meteorological Office • . • . 






It 



» 



>f 



f> 



»> 



B^yyal Astronomical So- 
ciety • 

Boyal SooieW .....'. 

Literary and Philosophi- 
cal Society 

Manchester and Salford 
Sanitary Association .. 

»» f» 

Government Observatory 



» 



» 



B. Specola Astronomica di 

Brera. 
Osservatorio del B. Colle 

gio Carlo Alberto . . . , 



»i 



It 



Badoliffe Observatory. • . . 



»i 



f> 



Observatoire de Mont- 
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X. On the Bhe-Electrometre of Marianani ; A new instrument for obsernng 
and recording tlie passage of Electric Discharges between the Atmosphere 
and the Earth. By Robebt James Mann, M.D., F.R.A.S. 

[Beceiyed Febniary 15th.— Bead March ]5ih, 1876.] 

The instminent which is described in this paper is constmcied by Mons. 
De Vos, of the Rue des Groisades, Brussels, under the suggestions and plans 
of Mons. L. H. F. Melsens, Professor of Physics and Chemistry at the 
Govemment School of Veterinary Medicine at Brussels. 

The apparatus essentially consists of a coil of copper wire, carrying a 
magnetised needle traversing upon the point of a vertical axis immediately 
above the coil, and having a moveable bar of iron thrust into the interior of 
the coil, so that it can be magnetised when an electrical spark of high 
tension passes through the coil. The instrument is intended to be so placed 
that the magnet rests north and south under the natural magnetism of the 
earth, and the coil and contained iron bar then cross at right angles to the 
magnet from east to west. If, however, an electric spark passes through 
the coil, the iron bar is immediately magnetised, and deflects the pivoted 
magnetic needle from its position of ordinary rest, the deflection of the north 
point of the needle being towards the east or the west, according to the 
direction in which the coil of copper wire is turned, and in which the 
electrical discharge is made to pass through the coil. The deflection is also 
more or less, accordingly as the spark is more or less intense ; and a scale 
of degrees inscribed upon a card ranged between the needle and the coil 
gives the means of estimating the amount of the deflection. The half of the 
magnetised needle which traverses towards the north point of the horizon 
under the natural magnetism of the earth is distinguished by being made of 
blue steel. The instrument is mounted upon a broad brass bracket to enable 
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It to bo fixed from tho wall of a telegraph office in a borizontal position, but 
it has also lovulliug screws to enabln it to be placed npon a table for cabinet 
oxperimcnts. There is further a contrivance by which the needle may be raised 
up on standards some distance above the coil, when the glan of the dial has 
boon removed, ao as to enable the inatmiaent to be adjwted for the nae of 
strong electrical discharges, which would exert too intense to Mttcnt npon the 
monetised needle it it remained in tho asnal position of doae a|i|inuiuuitioa 
to the coil. 

The instmment is so eensitlTe that It gives immediate iudication when 
onl; a slight spark is passed from an olectrophorns, a frictionol electriMl 
machioe, or a Lejden jar, throngh the coil. It is, however, indispensoblo to 
its action that there shall be tho passage of a spark. The Haltz "nmhTttft 
without its cascade jars does not produce magnetisation in the Iroo bar, or 
deflection in the magnetised needle, nnleaa nnder the acoi^ientiLl circamstanM 
of a miuato spark pasaing bocause the wire of the coil is witbdrawn from tin 
contact scrow before putting the two sgheres of the positive and nogatite 
conductors of the machine in contact, when there is imnudiittelj- a defloctien. 

'When the deflection of the needle has once been produced, that ddlcctioa 
ondnres nntil the iron bar is removed from the ooil, and ie therefore to that 
extent a permanent record. The magnetisation of the iron bar continnes for 
months. Freab neutral bars are therefore kept on hand to replace imme- 
diately any one that has been magnetiaed b; the passage of a spark. Bat 
the magnetised bar can bo returned into its neutral atate^ and be su made fit 
for being employed again, by being strongly heated. It, however, sometimen 
h%B to be boated several times in sacceasion before the duo noutralisatioii 
ia secured, and Professor Melsena has found some difficulty in getting good 
neutral iron bars prepared from ordinary iron of commerce. In his firat 
suggestion for the conatmction of tho instrument, he apoko of the iron eon 
as " a bundle of iron wire, an iron cylinder, or what seemH better atill willi a 
helix about ten centimetres long, tho half of a lai^ steel knitting needle an- 
nealed or softened, and absolutely deprived of all magnetism,"* He afterwards 
explained that all the commercial iron wire that he came across sufficieuQr 
proaervod ita magnetism on tho passage of a spark to serro the pm-pose (^ 
the core, and that the adoption of the tempered and ttnnealed ete^ 
knitting needle was conse<]uently not ncceaaary. He ioand it much O^^l 
difficult to get iron that coald be reudored absolutely neutral liy heat, th4^^| 
find iron sufficiently prone to aci^uire magnetisation from the spark. ^^^ 

In Marianani's inatrument the coO ia formed of copper wjre 0*0029 of » 
metre, or about 1-2 miUimetros in diamoter (wire No, 7, Paris gange). 1-46 
metrea of wire in length are made into a coil of 48 spires, which are wonsd 
rouud a tube either of pasteboard or glass. Tho iron bar which is introdnced 

* " Uq taisoeaa de fll de far, dd oyliudre de fer, an oe qnl m'a pam pieterable, 

rhehce n'ay out qa'onviron dix oentimstreB de iDngner, la moitiS d'oue eroBse aiguiUs 
A triooter eu acier; ce borreaa pent etre recoit on trempC, maia il doit ^tre absolumeut 
pnvG de magnCtiamc." 
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■to the iotorior of this tabe is 240 miUimelrea dSo of an inch) in diameter. 
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One end of the iron bar is flattened to secnre its adjustment into the proper 
position in the coil, and the other end is clipped by a brass head for con- 
venient removal of the bar when it has to be withdrawn from within the coil. 
The sketch in Fig. 1 illustrates the construction of the instrument, with all 
its parts on the exact scale adopted. 

This instrument is being gradually introduced into the offices of the Public 
Telegraphic Service of Belgium. It is placed permanently in the couTBe of 
the earth wires which are used as lightning rods, and which are coimected with 
the line circuit through the intervention of a sheet of paper that Baffices to 
confine continuous currents, but allows sparks or induction currents to le^» 
through. The paper is then either stained or perforated by the passage of 
the spark. When the Kh^-electrometre is employed upon tlie earth wire 
there is a manifest deflection of its needle whenever the paper indicates the 
passage of a spark ; but the needle records not only the fact of the passage, 
but the kind of the discharge (whether positive or negative), and to a con- 
siderable degree also its intensity, measured by the angular arc of the 
deflection, a return of all the facts of the deflection of the needle of the 
instrument, of the perforation of the paper, and of the occurrence of 
electrical manifestations of a storm character, are required to be made to the 
Chief of the Telegraphic Departments. Professor Melsens' assumption is, 
that by the general employment of these instruments upon extended lines of 
telegraphic communication very valuable practical information will be obtained 
regarding the specific character of electrical disturbance in the atmosphere» 
and the distribution and rate of movement of thunderstorms. The instra- 
ment is already in use at the offices of Malines, Gouvain, Bruges, and 
Courtray. At these places the needles of instruments have been several 
times afifected by[storms. The needles have been sometimes deflected towards 
the east, ^d sometimes towards the west. Actual discharges of lightning 
produce immediate and brisk deflections of the needle, which are often 
neutralised by subsequent discharges. The deflected needle is sometimes 
recalled sharply to the zero point, but sometimes after having been suddenly 
deflected to 90^, it returns very gradually and slowly to zero. 

No fixed standard for the estimation of the deflecting force has yet been 
contrived', but it forms part of Professor Melsens' design to accomplish thitf 
hereafter by experimental investigations. The raising of the magnetic needle 
to varying distances above the coil, it is conceived, will furnish one of th^ 
means by which this object may be ultimately secured. 

Professor Melsens proposes that this little apparatus shaU be used iim- 
connection with the ordinary lightning conductor erected for the protection*^ 
of buildings, as well as in connection with the lines of telegraphic oommunica — ' 
tion. In the case where several distinct stems are employed for the Para-^ 
tonnerre, as in the instance of the Hotel de Yille at Brussels, it will only b€^ 
necessary that one of these stems shall have a break of continuity with the^ 
insertion of a sheet of paper into it, and that the Bhe-electrometre shall be 
placed in continuous circuit with the divided ends of that rod, as shown in 
ihe sketch of figure 2. If one large Paratonnerre is used instead ot 
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■vreral, the fih^eleetrometre mtut be 
fixed on §ome conTemeot part u a j 
derioQi circoit, fonned of & loop of | 
fine wire get off from the mtin lino of J 
the eondneting rod, ae sliown in the I 
■ketch of figure 8. The experiments J 
of Professor Melsens npon the diffd- 
nos of an electrical discbarge tbroDgh I 
ihs Bobstance of a eoDtinnons 
dnotor, show that this divergent offset I 
or loop voald have a snfficient share I 
of the transmitted force on the pas- 
■Bge of a lightning discharge through 
the KntonneiTe to give a manifest 
tMord; theexperimeKtshifhertomade I 
irith the Bbtf-electrometre by means 
of the electropboms and friciional 
•Uetrical apparatus, give good ground I 
§m the assumption that that share, I 
under the eircnmetance of all or- 
dinary l^htning discharges Ihrongh 
the Paratoonerre, would be ample to produce such indication as is required, 
nvfessor Melsens, however, proposes that there shall be ObBervatorj Fara- 
tonnerres erected eapeciallj for in- 
vestigating the electrical conditjons 
and ehangea of the atmosphere, in 
irtiich three distinct lightning rods 
■haQ be carried up from one 
eommon communication with the 
earth. Of these lightning rods 
Ko. 1 is to have a Rbe-electro- 
netre attached, with a broken 
ehasm and the sheet of paper in- 
terpolation, as represented in 
flgnre 2. The oleetrometre on this 
intermpted conductor will give in- 
dications of instintaneoos dis- 
chargee passing between the atme- 
^here and the earth. No. 2 is to 
haTe an ordiuar; galvanometer at- 
tached to a divergent loop upon an 
uiintermpted condnctor, npon the 
same plan aa that represented for 
the Bh^-electrometre in figure 8 ; 
this will give indications of the 
ptssage of derived eontinaoas eur- 
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rents between the atmosphere and eiurth. No. 8 is to have a galvanometer 
for indieating contmuons currents, placed in oircoit npon an intermpted rod| 
with a provision for making earth contact either from above or from below 
the galvanometer by means of a commutator, so as to enable the coil to be 
thrown into or out of the circuit at will. 

One important point in regard to this little instrument is its simplicity tnd 
cheapness. It is supplied by Mons. de Yos for the service of the telegraphs in 
Belgium, for wholesale quantities, at a cost of about ten francs for each insbra- 
ment. Professor Melsens very strongly believes in the capacity of this single 
and inexpensive piece of apparatus to do useful work in the direction which 
he has indicated ; but he also desires to have its usefulness and capabilitiei 
pat to a further test by practical electricians and telegraphists. 



DISCUSSION. 

Mr. Brooke said that the portion of the current which is diverted through the 
shunt will be in the ratio of the resistance of the portion of the conauctor 
between the points at which the shunt is attached, to that of the shunt itself. 
Might it not be worth while to use steel needles, wnich might be demagnetised 
by passing a sliock from a Le^^dcn jar througli the coil ? If such a needle were 
employed instead of a bar of iron, it might give some indication of the strength 
of the shock by the amount of magnetism retained in it. 

Mr. C. V. Walker said that the instrument was quite new to him. The 
construction was interesting ; but it was not easy to see to what extent the 
instrument with its soft iron bar would be useful, unless, indeed, the obserrstion 
were taken directly after the dischar^. Electricity from the atmosphere 
collected by telegraph wires, as seems to be proposed, is very different from earth 
currents eollected by plates buried in the ground. 

Mr. £llis said tnat the electrical apparatus at the Royal Observatory was 
at present rather old-fashioued, consisting of pairs of straws, gold leaf electro- 
meter, galvanometer, &c. for eye observations only ; but the Astronomer Koysl 
hoped shortly to add a Thomson*s electrometer, similar to that in use at the 
Kew Observatory, with the object of obtaining by photography a continuous 
record of atmospheric electricity. The earth cun*ents were quite different to 
those that would be obtained from the instrument described by Dr. Mann, whicl> 
appeared to be for atmospheric electricity. 

Mr. Whipple failed to see in what this instrument differed from a galvanO' 
meter. At Kew there was an old Ronalds* instrument which was adapted fo^* 
photographic registration. The one exhibited could not be made to give reliable 
numarioal results. He did not think that soft iron could be completely de^ 
magnetised. Thomson's instrument is an admirable electrical recorder, ant^ 
gives a continuous record ; the intensity could also be obtained by joining up s^ 
number of Groves's cells. 

Dr. Mamn explained that Professor Melsens* instrument is intended to be rea^ 
AS immediately as possible after any deflection of the magnet ; but that it^onl^ 
marks sparks or instantaneous discharges, and not currents. In the telegrapb^ 
offices It is attached to the earth wires employed as lightning conductors for tbe^ 
protection of the apparatus. No novelty whatever is claimed for its attachment^ 
to a Paratonnerre m the form of a shunt Professor Melsens simply desires fo^ 
it a trial as a ready, cheap, and efficient apparatus for marking the occurrence 
And nature of earth discharges. 
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XI. On the Variation of Errors in Hydrometers, By R. Stbachan, F.M.S. 
(Gommimicated by B. H. Scott, F.B.S., Director of the Meteorological 
Office.) 

[Beoeived February 14th.— Bead March 15th, 1876.] 

DuBiNG the last twenty years a large nomber of observations on the Specific 
Grayity of the Oceanic Waters have been made by the observers for the 
Meteorological Office with glass hydrometers lent by the Office for the 
purpose. The makers of these instruments contracted to supply them subject 
to their passing a test examination at the. Eew Observatory. The rule for 
reaction is thus defined : " Beject all in which the largest error at any point 
is greater than one division of the scale (equal to *001 sp. g.), or in which 
any space often divisions is more than 0*6 of a division wrong.'' Certificates 
of corrections have been supplied for accepted instruments by the Eew 
Observatory, and the observations have been corrected accordingly for 
instrumental errors. Many among the earliest of these instruments supplied 
are still extant, notwithstanding constant transfer from ship to ship. It 
became, therefore, desirable to ascertain whether such instruments had un- 
dergone alteration in their indications from wear, use, change of form, or 
other cause. Accordingly, three hydrometers were reverified at the Eew 
Observatory with the utmost care, in order that they might be used as 
standards in the Meteorological Office for comparing those returned from 
service at sea. 

The following are the two sets of corrections furnished from Eew for these 
standards: — 



Hydrometer. 


Correction for Scale Error. 


Ato. 


At 10. 


At 20. 


At 30. 


At 40. 


May 1859. 
No. 453 

455 
456 


o*o 

O'O 
O'O 


— o-i 

u 


O'O 


^^•2 

f^ 


— o*3 


Jannaiy 187 1. 
No. 453 

455 
456 


—03 

— '2 

— -3 


— 0-3 


-0-3 


—0-4 
•0 

+ •3 


— 0-4 

t-. 



The latest corrections have been applied to the standards when making 
^mparisons, and the corrections so found for other hydrometers have been 
^^corded. 

Let E represent the correction given for a hydrometer at the Eew 

Ol)8ervatory, and M that found at the Meteorological Office after an interval 

of years. Then M — E = ± V is the variation of the correction, which, 

if +9 is due to a deposit of salt or dirt on the instrument or to contraction of 
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its volome, or to both causes combined ; and, if — -, is due to the wear of tbe 
instrument or its enlargement of volume, or to both causes combined. The 
hydrometers under consideration were all of them made of glass, and mc 
symptoms of wear were discernible, and they were always cleaned fc^ 
comparisons with the standard ; consequently this investigation has merely 
to decide whether they undergo enlargement or shrinkage by use and ag^ 
assuming that the corrections have been carefully ascertained. There ii^ 
however, the liability of the scale slipping ; but, unless this has been evident, 
must somewhat affect the result. Only the corrections for those instrumenfli 
of which the scales had undoubtedly shifted have been rejected. The scaW. 
if it shifts at all, generally slips down the stem, but instances sometimes ocei^ 
of it having slipped up the stem and lodged there. The following are 
results obtained : — 



Part of 

Scale 

compared. 




Variation. 






Number 








Interval of 
Yean. 


of Instni- 
ments 








Mean. 


-)- Extreme. 


— Extreme. 




tried. 


o 


^-O'l 




-1-6 


— 1'2 


2 


zz 


If 


•! 




-2*0 


— 9 


4 


104 


ft 


+ •3 




-17 


— I'O 


6 


27 


II 


— '5 




h 7 


—2-5 


12 


10 


II 


— '2 


— •! 


— 3 


14 


3 


II 


+ •6 




-1-6 


— I'O 


z6 


17 


II 


•0 




- -9 


— I'l 


18 


26 


II 


-1 


- •! 




-1-3 


—1*5 


20 


18 


15 


- 


r '2 




- -5 


•! 


I 


2 


II 


- 


- -3 




- 4 


•0 


4 


5 


II 


- 


-i-i 


• • 


• • 


13 


I 


II 


- 


-•5 


• • 


• • 


17 


z 


24 


- 


- -I 


+ '^ 


— -4 


I 


ZI 


n 


•0 


-.17 


— -6 


4 


9 


II 


— •! 


+»'4 


—1-4 


5 


7 


i» 


— -4 


— '2 


— 7 


13 


2 


11 


v. 


+ •5 


— '2 


15 


4 


II 


• • 


1 . 


20 


z 


27 


— "4 


— •! 


— -8 


2 


% 


fi 


n 


• t 


. • 


15 


I 


35 




f-r2 


~ -6 


2 


6 


II 


— -3 




- -8 


— I'O 


3 


9 


II 


- 


- 7 




-1-2 


+ •3 


13 


5 


II 


- 


- '2 




- 7 


— •! 


16 


6 


II 


- 


- 3 


- 


-2'0 


— I'l 


17 


4 


40 


- 


- -2 




- 7 


~ -3 


2 


2 


II 


- 


- -8 




-1-3 


— •! 


14 


3 


II 


" 


- -6 


+ •8 


+ •4 


16 


2 


Mean and) 
extremes 


+ •2 


+2-0 


—2-5 


Of aU 


If 


+ •3 


+2*0 


—2-5 


12 years and over 


" 


•0 


+2'0 


— 1-4 


6 . „ nnder 
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The mean variatioii is only + 0*2, indicating slight shrinkage, hut prao- 
iieally it tends to show that these instruments undergo no material change in 
weight or volume. The extreme variations range from + 2*0 to — 2*5, or 
an extreme error of 4*5 divisions. It is scarcely possible that these extremes 
can ever be due to mistakes in comparisons ; but it is very probable that the 
largest are owing to shifting of the scales, which cannot always be detected 
by simple inspection, and hence the necessity for trying these instruments 
after their return from a voyage. In the Table it will bo noticed that the 
nuTius extremes exceed in magnitude the plus extremes only seven times. 
The tendency for the scale to slip down must certainly be greater than that 
for it to lodge above its original place of fixture, and this may account for the 
extreme plus variations being generally larger than the extreme mtntis 
variations. It is essential that the makers of hydrometers should so fix the 
scales that they cannot possibly shift. The practice of fastening the ivory or 
paper scale in the cylindrical stem by common sealing wax at its lower end is 
not safe, because if the wax gets soft there is space above and below into 
which the scale may shift by a jerk. A similar objection applies to wax for 
slosing the neck of 4he loaded bulb, for it is apt to get loose or soft, and the 
onall shot or mercury used for loading gets loose and fouls the interior of the 
Dstrumentr and the scale. With the object of removing these defects, 
lamely, melting of wax at high temperature and the shifting of the scale, 
dr. J. J. Hicks has recently substituted for the ordinary transparent glass 
tern with enclosed scale, a white opaque stem of enamelled glass upon which 
he divisions and figures are indelibly marked in black. It is to be hoped 
hat the like annoyance may not be experienced with these so-called indelible 
oarks as with the black division marks of thermometers, by their washing out. 



DISCUSSION. 

Mr. Pastobelli said that the glass bulb of the hydrometer which is mounted 
i few days after it is blown is liable in time to diminish in size, consequently its 
ndications will always be lower, never higher, than the true specific gravity. 
There are three sources of errors that arise in making hydrometers, viz.: — 
L, The Stem ; 2, Temjyirature ; 3, Dividing. 1. It is difficult, if not practically 
inpossible, to make glass cylindrical stems accurately uniform throughout their 
ength; in low range instruments the errors will be small, but in those of a 
lign range, from 1,000 to 1,700, he had known them to be 6 or more degrees. 2. 
The temperature of the glass bulb is rarely, if ever, taken into consideration by 
the workman, and as there may be a difference of 20° between it and the test fluid 
it 60° in summer and winter, a small error must therebv arise. 3. The errors of 
iividing in low range instruments are generally small, but in those of a high 
range, up to 1,700 specific gravity, two or three degrees may be observed. 

Mr. Whipple said that they had at Kew a large vessel of water constantly 
kept at a temperature of 60° when testing hydrometers. At one time it was only 
considered necessary to give a correction of 0*5. 

Mr. C. Harding said that the system employed for the frequent testing of the 
hydrometers would detect anj serious change of error; if not, the careful scrutiny 
to which the observations of the Specific Gravity of Sea Water are subjected 
•would detect any such ferror. It was suggested at the Maritime Conference, 
held in London in 1874, that hydrometers should be made with more open scales, 
ranging in accordance with the specific gravities of water in which they are 
immersed. 
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Xn. On the Deduction of Mean RestUts from Meteorological ObservaUont* 
By Dr. L. F. Eamtz. 

(Translated from Kamtz* * Bepertorimn f iir Meteorologie,' pnbliBhed by the Imperial 
Geographical Society of St. Petersburg, YoL I. p. 107, by J. S. Habdxno, F.M.S.} 

[Received Febmary 14th.— Bead March 15th, 1876.] 

It is not possible for the hoinan mind to smrey at a glance the series of 
Meteorological conditions which have occnrred during a long period ; certain 
resting-points are required to enable it to embrace shorter interyalsy-r-like 
as in the consideration of a landscape, a complete representation can only be 
obtained by selecting different positions from which the individoal parts 
are viewed, and aroond which the rest are, as it were, grouped. These 
resting points in meteorology are furnished by the means, around which the 
individual observations arrange themselves according to laws which most be 
more closely determined for certain regions. 

If, for instance, we wish to deduce the mean temperature of a single hour in 
a certain month, the arithmetical mean of all observations made at this hour is 
taken. By so doing this value is obtained as it really occurred during the 
month under consideration ; but it is another matter if we wish to deduce 
the temperature which this month would have had if the several disturbing 
causes had not been at work. For this purpose a mean obtained from many 
years is required. Astronomy, which has been observed for a long time and 
vdth very exact instruments, approa^es the accurate determination of its 
elements only slowly, for each later investigation yields somewhat different 
values, always approaching nearer to the truth. In the atmosphere the 
disturbances are relatively much greater than in astronomical observations ; 
if there is a succession of several warm winters the mean will be too high, 
and a series of years may elapse before the error produced thereby will be 
removed. 

This, however, should not deter us from continuing the observations, nor 
from deducing results from them. Many of the numerical values so ob- 
tained will only be determined with sufficient accuracy by our successors. 
But it is necessary that we should determine the amount of certainty 
possessed by the numbers found by us. A long series of years does not 
always give an accurate result. The three vmiter months, according to my 
observations for Dorpat, have the following mean temperatures : — 2^*90 B., 
— 5^*96, and — 6^*69. But, although they are based upon 14 years' 
observations, the numbers are certainly not the same as would be given by 
continued observations ; December is too warm compared with January, and 
February is too cold. If, therefore, the mean temperature of a single month 
in our latitudes is so uncertain after 14 years* observations, it is clear that 
the mean temperature of single days would possess much greater uncertainty 
if not based upon more than 100 years' observations. 

If an arithmetical mean is deduced from individual observations, it is 
absolutely necessary that we should determine the mean or probable error, 
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not only of the indiyidnal observations, bat also of the general mean. I will 
give in a few words tiie method proposed by Gauss : — 

JLl Oji cifi Og • • • • ci|| 

be the numerical values given by n observations, tiie mean will be 

ai + Oj + Qj + • • . • Oa 

X ss= 

n 

Even in measurements where the same element is observed with the 
nme instrument, the individual readings differ from each other owing to the 
imperfection of our senses, and the more so in meteorological phenomena, 
where so many disturbances occur ; the value x is therefore only an approxi- 
mation to the truth. Let us see, then, how much each of the individual 
quantities ai, Of • • • . differs from the mean ; let these 
diffarenoes be represented by the series 

ei, Cf, Cf • • • • €a 

If these are added together with their corresponding 4. or — signs, their 
sum must = • In order to find the mean error we square all the errors 
and add their sum. Let this be le', then the mean error of a single 
observation is 



J, 



n— 1 
and the mean error of the final result 



7; 



n {n — 1) 

If instead of this we take the probable error, these values become re- 
spectively 

0-6745 /I5L and 0-6745 f~I^ZL 
Vn — 1 Vn(n— 1) 

If the measurements are continued during a sufficient series of years, the 
probable error of an individual determination approaches nearer and nearer 
to a constant ; it is only when the observations have been carried on for a 
great number of years that we always obtain the same value, provided the dis< 
turbanees recur in a similar manner. On the other hand, the probable 
error of the final result always becomes smaller in proportion as the number 
of observations increases ; it gradually approaches zero, but strictly speaking 
would only reach this in an infinite series of observations. 

An example may explain the above. January 18th is about the coldest 
day of the year ; the changes of temperature during the next few days owing 
to the alteration in tiie course of the year are so unimportant that we may 
neglect them. Twenty-five years* observations (1881-55), by M. Schmidt of 
Mitau, give the following mean temperatures for this day : — 

Deviation. Deviation. Deviation. 

o o 00 o o 

— 5-a — 1*2 — 3*3 +07 — lo'o — 6"o 

— 2*o + a*o — 07 +3*3 — ix'o — 70 
rS + 58 1-3 +5-3 1-6 +56 
2*1 4" ^'' 0*3 +4*3 — 107 — 67 
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Deriation. 




DenatioB. 




DeriatioiL 


e 
— I'O 


+ 3-0 


1^6 


+5-6 


e 
— 0-4 


-Ah^ 


— lo's 


-6-5 


-4-8 


— 0-8 


1-4 


+54 


x*5 


+ 55 


0'2 


+4-2 


— 6-6 


—2^ 


—147 


— 10-7 


— 11-2 


—7-2 


— 57 
—131 


—17 
-91 



The mean is — 4^*0 ; if we find the deyiations of the separate years from this 
value, the sam of the negative errors is — 59^*5, that of the positive + 60^4, 
their sum is + 0^*9 ; this would, however, equal zero if another decimal place 
had been taken. The sum of the squares of these errors is 627*68, . * . the 

mean error of a single determination ... -» / 1 **» '^ 6*11 

V 24 

The probable error „ ... — 0-6746 /??^ — ± 8-46 

/ 027*68 
The mean error of the mean »- / - — L-_. ^^ ± 1*02 



V 25 



X 24 



The probable error of the mean ... « 0-6746 /^^768 _ ± o-69 
^ V 25 X 24 

Accordingly the mean temperature of the 18th of January lies between the 

limits - 4°0 — l°-02 = - 5°-02, and - 4°0 + 1*^-02 2®-98. H the 

number of observations is greater, the certainty of the final result increases. 

The five days from 16th to 20th January have, according to the same 

register, the mean temperature — 8°'88, which I will take as — 8^*9. If the 

deviations of these 125 days from the mean are taken and squared, the sum 

of the latter is 2981*88, therefore the mean error of a single calculation is 

'2931^ ^ ± 4.y6 
124 
and the mean error of the final result 



y 



y, 



2981-88 _ Hh 0-48 



125 X 124 

Therefore the mean error of a single calculation of 125 days is nearly as large 
as for 25 days, but the error of the final result is reduced from 1^*02 to 0^-489 
that is, less than half. 

Even monthly means leave much uncertainty behind, when not based upon 
a series of many years' observations. I take as an example the 25 years' 
means for February at Mitau. These are, for 1881-56 : — 



-2-42 


-0-55 


-8-51 


-4-81 


—2-98 


-2-48 


-0-78 


-0-90 


-4-91 


-8-88 


0-29 


-5-99 


-0-68 


-0-51 


-8-82 


-0-98 


-8-06 


-611 


-1-28 


-8-80 


0-88 


-812 


-9 09 


-2-84 


-8-86 



The mean is — 8^*10. If we find the error in the same way, the mean for a 
single calculation will be ± 2^-84, and for the mean ± 0^-57 ; so that we can 
only say that the mean temperature of February lies between — 8*^-10 — 0^-67 
=* - 8^-67, and — 8°10 + 0^57 = - 2°-58. 
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GalcnlatioDS of this kind have the advantage of showing ns how far we 
may rely upon invesdgations of another kind. Suppose a certain formula to 
be given, which refers to a greater extension into time or space, and that 
this represents the temperature of Mitau in February. If the calculated 
-value is not exactly — 8°-10, but lies between the Hmits — 8®-67 and — 2^-58, 
we cannot determine wherein the error lies, whether in the incorrectness of 
the formula, or whether the temperature of February is not yet determined 
"with sufficient accuracy. 

If any result is deduced from a series of many years' observations, especially 
if we have used our own measurements, and if, at the end of each year, we 
take the mean of all observations hitherto made, we are easily misled into 
considering the value obtained as much more accurate than it really is. For, 
generally, the mean always changes less when another fresh year is added. 
But these small changes in the following years only apparently prove greater 
certainty. Suppose we had found the value x of & certain phenomenon from 
observations of n years ; and £|, £, . . . . f^ are the deviations of the 
individual years from the mean, then 

no? + €i + £,+ + €a 

X = ■ 

n 
where the sum of the errors in the numerator equal zero. In the following 
(n + 1) year, let the observed value be a? + Cb+ i; if we denote the mean of 
these (n + 1) years by Xj^ + i, then 

(n+VjX + £i 4 €i + +Cn + gn-H 

a^^,^ ;r+i 



= 0? + 



^B+l 



n+1 
or 

The whole change consists in the fact that we divide the difference between 
the mean of n years and the calculation of the (n + 1) year by n + 1 ; it there- 
fore becomes smaller the greater the number of years. But if, for example, 
in deducing the temperature a series of warm years followed, the mean would 
be apparently more accurate, and it would only be shown when later colder 
years followed that the earlier values were not accurate. 

If I take, for example, in the above series for the temperature of February 
m Mitau, the mean of 2, 8 . . • . 25 years in the order in which they 
foUow each other, this mean is 

From 

If 
»f 
ff 

»f 

>» 

9» 



1 year 


-2-42 


From 


8 years 


-1-48 


2 years 


-2-42 




9 „ 


-1-66 


8 „ 


-1-62 




10 „ 


-1-81 


4 „ 


-1-87 




11 ." 


-2-42 


6 „ 


-0-92 




12 „ 


-2-84 


6 „ 


-0-86 




18 „ 


-206 


7 „ 


-0-84 




14 „ 


-2-64 



124 QUABTXBLY JOURNAL OF THE METBOBOLOOICAL 80GIKTT. 



From 15 years 


-2-80 


From 21 josra 


-2-78 


„ 16 „ 


-"2-89 


>» 


22 ., 


-2-8a 


„ 17 „ 


-802 


» 


28 „ 


--2-88 


„ 18 „ 


-2-88 


»> 


24 „ 


-2-86 


„ 19 „ 


-2-79 


f» 


25 „ 


—810 


» 20 „ 


-2-77 









In the first seven years, when there were several mild wrniers* the 
temperature increases with each succeeding mean ; from this time a tolenbly 
regular decrease takes place ; if, however, we had come sufficiently near the 
truth in these observations extending over a period of 25 years, the last 
means must change less than is the case here. 

I have chosen this example, because it rests upon observations made by 
the same observer, with the same instruments, and at the same boon. 
If the temperatures of the individual years had followed in the reverse 
order, or if we had so taken successive means that we began with the last 
year and proceeded gradually to the first, Mitan would have been apparently 
warmer, whilst now it is apparently colder. The mean of the first 18 years 
is — 2®'06, that of the following 12 years — 4^*28, the difference exceeds 2^. 
Both periods embrace a series of years such as we do not possess in many 
calculations — in fact, a great part of the numerical values given in my 
Meteorology rest upon observations for a shorter period. 

If these conditions stimulate us to carry on the observations with greater 
zeal, in order that later ages may obtain more accurate numbers than we 
possess at present, they warn us to be cautious in criticising the results of 
different observers. Suppose the first 18 years, with a mild February, had 
been separated by a long interval from the 12 following years, an obsenfer 
would have made the mean temperature of the former period — 2^*06 and the 
latter — 4^*28; hence one might easily have doubted one or the other oi these 
results, especially if we did not possess observations from neighbouring 
regions, to prove whether a similar difference was shown there also. 

If, therefore, the monthly means are affected by many irregularities, this is 
still more the case with other calculations which refer to this month in which 
only individual observations are used, and the result based upon that for the 
month. If, for instance, we investigate the temperature, pressure, &o, of the 
different winds, and take perhaps the frequency of any of the eight winds in a 
month as alike, then each wind occurs on from 8 to 4 days. If we take for 
example the S W, with it the barometer is lower than the mean ; but the indi- 
vidual readings differ more from each other than perhaps the means of the same 
month in different years. If an uncertainly arises, therefore, onving to the 
difference of these numbers from each other, this will be increased by the 
monthly means, with which we compare them, not yet being accurately deter- 
mined. For February, for instance, my observations give the following pres- 
sure for Dorpat : — 

Lines. 

10 years to 1864 882*78 

11 „ 1«56 882 98 
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Lines* 

12 vears to 1866 88803 

18 „ 1857 833-41 

14 I, 1858 ... ... ... ... ... 888*78 

Supposing the mean height of the barometer with a SW wind was after 
10 years as great as after 14 years, the depression according to the last mean 
"wonld have appeared a whole line greater. 

The evil would be still greater if we take the weather into consideration at 
the same time as the wind. If, for example, we wish to determine the 
elevation or depression of the barometer with a certain wind on rainy days, 
or when the weather is mostly clear, the number of the values used would 
naturally be smaller and the uncertainty greater. I have found in Dorpat 
only 1, 2 or 8 clear days during a single month with many winds; it requires 
no proof that the corresponding values are very uncertain, and that a single 
succeeding observation maj double the deviation from the mean. Even 
such values as it was formerly thought could be determined by a few years* 
observations, as, for instance, the mean temperature of a place, still leave 
a degree of uncertainty after a long series of years. Thus 82 years* obser- 
vations of Wisnewsky, at the Central Physical Observatory of St Petersburg, 
give the following temperatures : — 



1822...4'56 


1880.. 


..2'^92 


1888.. 


..l'^81 


1846.. 


..2'^99 


1828.. 


.811 


1881.. 


..2-78 


1889.. 


..2-25 


1847., 


.819 


1824., 


..8-85 


1882.. 


. 2-62 


1840.. 


..1-80* 


1848.. 


.8-35 


1825., 


.8-28 


1888.. 


.810 


1841.. 


,.3-80 


1849., 


.2-34 


1826.. 


.4-98 


1884.. 


..2-68 


1842.. 


..8-84 


1850.. 


.2-94 


1827.. 


.8-95 


1886.. 


.2-81 


1848.. 


..8-78 


1851.. 


.3-74 


1828.. 


..2-45 


1886. 


..8-88 


1844. 


..216 


1852. 


..2-35 


1829.. 


..1-80 


1887.. 


..2-88 


1845.. 


..2-32 


1853., 


.8-37 



The mean is 8°-00, but we find also 4°-93 in the year 1826, and l°-80 in 
the years 1829 and 1840, values which differ more than 8° between themselves, 
and respectively +1°*93 and - 1°*20 from the mean. If we square the 
individual deviations from the mean, the probable error of u single calculation 
is ± 0^*51 B., and this value will differ little from that which observations of 
a long series of years would give ; the probable error of the final result is db 
0°'0886, so that 32 years* observations leave an uncertainty of 0°'l remaining. 

The quantities given in Meteorological works, therefore, in common with 
the values in Astronomy and other Natural Sciences, are affected by errors 
which in general can only be diminished by continued observations. If the 
thermometer is only observed at a place for a few years, it cannot generally 
be determined whether the means obtained from these observations for the 
year are too high or too low ; but if there is a place in the neighbourhood 
where this element has been determined by many years* observations, the 

« 

values found can be compared with the general mean, and one can decide 
whether they approach the truth or not, and also estimate the quantities by 
which the means of the lesser period should be corrected from the long con- 
tinued observations. 
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If, then, from what has heen said, the general mean of a place is nncertain 
after a few years, — and if this uncertainty is greater for smaller periods, as in 
individual months,— the question arises, how the temperature might be dis- 
tributed in the course of the year or day, if the observations were continued for 
many years. Two methods are offered: graphical constructions,* and calculation. 
The former are generally simpler and represent the whole phenomenon clearer 
to the eye, but always leave a certain amount of uncertainty remaining ; the 
latter is more circumstantial and more difficult, but gives more accurate 
results. 



Calculation op the Obsebvations. 
The uncertainty which all numerical values present, whenever ihey are not 
determined by a great many observations, exists also in graphical construc- 
tions ; it is shown at some points of the curves more strongly than at others. If, 
for instance, we are dealing with the daily temperature curve during a smnmer 
month, the thermometer rises quickly from about 7 to 11 o'clock ; the errors 
here are generally little noticed, and the line runs tolerably regularly. From 
about 1 to 4 o'clock the thermometer changes more slowly ; the miiTiTnTiTn lies 
here also, and it is desirable to determine the epoch and its value as accurately 
as possible. Different persons will here get values varying as regards both 
epoch and degree of temperature. The same holds good in the*annual marc 
of the temperature. The greatest cold occurs in the higher latitudes at 
time when the effect of the sun is least, where winds, cloud, &c. have a grea 
influence. If at this time a NE wind blows for a few days only, with a cle 
sky, it is more than 10° colder than usual, and the days on which this lo 
temperature is shown will be distinguished for a long series of years by m 
notably low temperature. If this is repeated in any other year a little 
earlier or later, the mean will show a second depression of temperature^ 
Wesselowski has given the 5 -day means of a number of points for th 
Russian Empire ; — I extract the following values for 8t. Petersburg from 8 
years' observations. By the side of them I quote the values given by Brand 
from 9 years' observations : — 

Wesselowski. Brandes. 



Dec. 


12-16 


-4'^07 R 


-6a4 R 




17-21 


-5-30 


-7-41 




22-26 


-5-24 


-6-96 




27-81 


-6-58 


-'7-86 


Jan. 


1- 5 


-6-66 


-8-86 




6-10 


-6-96 


-9-88 




11-15 


-7-88 


-9-05 




16-20 


-7-95 


-7-72 




21-25 


—7-25 


-7-72 




26-80 


-7-62 


-7-18 


Jan. 81.' 


-Feb. 4 


-806 


-7-10 



Article on ' Graphical Constractiona * omitted. 







Wesselowski. 


Feb. 


5- 9 


-6-75 




10-14 


-6-93 




15-19 


—6-42 




20-24 


-6-94 


Feb. 25.- 


-Mar.l 


-5-74 


March 


2- 6 


-3-99 




7-11 


-516 




12-16 


-8-90 
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Brandes. 

— 6°70 
—708 
-7-70 
—7-52 
-8-43 
-9-71 
—6-90 
-5-61 

The temperature falls, therefore, tolerably quickly and regularly to the 16th 
Jan., and reaches a minimum between the 16th and 20th ; it then rises, but 
reaches a still greater minimum again between Slst Jan. and 4th Feb., and is 
again followed by fresh depressions between the 15th and 19th Feb. and the 
7th and 11th March. If we had observations for St. Petersburg for another 
81 years, these depressions would perhaps fall upon totally different days. 
The values obtained by Bi*andes from 9 years* observations show in fact re- 
markable deviations. While in the first series, from 27th Dec. to 9th Jan. the 
thermometer does not vary 0^*5, we find in the second a fall of 2^ ; and while 
from this period in the first series it sinks to a minimum between the 16th and 
20th, it rises in the other until the beginning of February, where the first series 
gives the minimum. That these irregular variations of temperature depend 
on the winds, I have proved in the case of the serious depression at the end 
of February and beginning of March (* Meteorology,' II. 56), and I have seen 
later that Howard also (' Climate of London,* I. 84) takes tbe same view. 
The correctness of the latter seems to be proved by the fact, that from 25th 
f^ebraary to 26th March tbe 81 years' period gives a rise of the thermo- 
meter of l°-75, and the second a fall of 1^-28. 

If, then, we wish to deduce from the observations here given a result by 
Construction as to tbe march of tbe temperature of the year, and so to represent 
t\xe values as they would probably be given from many years' observations, 
'^V'c should expect that the curve would be drawn with a certain regularity; 
t>xit it seems to have been decided in this case to reproduce the curve with 
^11 its angles and anomalies, and it would seem that St. Petersburg has two 
ixiinima of temperature, about the middle of January and the beginning of 
February. 

In cases like those quoted, which occur very frequently, calculations afford 
^ far more accurate result. All calculations in Physics are of a double kind. 
-B^rom the causes upon which the individual phenomena are based we deduce 
'tlie latter not only qualitatively, but also quantitatively, or we apply interpo- 
lation formuke. For meteorological purposes the first can either not be 
<iarried out at all, or only with much labour. If we wish, in tbe above 
Example, to base the calculation upon theoretical considerations, we must not 
Oxily take into account the declination of the sun, but also the simultaneous 
distribution of temperature over >a great portion of the earth, the amount of 
pressure in connection with it, direction of wind and its influence upon the 

NEW SERIES.'- VOL. IH. L 
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temperature, cload, rain&ll, &c. Therefore we generally use interpolations, 
because they yield results nearly as accurate and lead sooner to the object 
in view. 

As all interpolation f ormuke are only empirical, we can giye them a Terj 
different form. For many investigations simple parabolic functions are taken. 
Suppose in the above table we would begin with the first values between 12th 
and 16th December, then the following intervals could be denoted by 1, 2, 

8 ; if then the temperatures are indicated by y, and the number of the 

intervals by x, then we could write :— « 

y =^ a + bx + ftp" + da^ 

where a, b, c, d are constants deduced from the observations them- 
selves, and where we take as many terms as we think suitable. As in onr 
case the lowest temperature lies about the middle, it is more convenient to 
start from the middle ; not only in this case are fewer terms of the series 
necessary, but the calculation is also easier. 

I therefore indicate the days between the 26th and 80th January, by 0, then 
count the intervals backwards and forwards in the order of the natural numbers, 
in which the preceding intervals are taken as negative, then the temperatore 
is 

y ^ a ±. bx + ca^ ± da^. 
If I take the 81 years* series, I choose the following four equations for the 
calculation of the constants : — 

-4°07 = a - 9.6 + Bl.c + 729.d 
—762 « a 

—6-94 « a + 5.6 + 25.C + 125.d 
-8-90 =: fl + 9.6 + Bl.c + 729^1 
If these equations are solved, then 

a =» — 7-62 

6 = + 0-16745 

c r= + 0-04486 

d = - 0-00188 
The following table contains a comparison of the observed temperatures vA 
of the temperatures calculated with these co-efficients (the latter in the 
column headed ** approximate ") : — 
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No. 


Approximate. 


1 

Corrected. 


Observed. 


Caloxdated. Difference. 


Calculated. 


Difference. 




o 











0^ 


m 


—409 


—4*09 





— 4'oi 


—008 


—5-30 


—5-07 


— 0*23 


-4-96 


—0-34 


—7 


—5-24 


-589 


+065 


"I'^S 


+o*ii 


—6 


—6-58 


-655 


—003 


-638 


— 0*20 


—5 


—6-66 


— 706 


4-0-40 


—6-86 


4-0*20 


—4 


—6-96 


— 7*4» 


- -0-45 


— 7'20 


--0-24 


—3 


-7-38 


—7-64 


+0*26 


— 7-42 


+0-04 


— 1 


— 795 


—7*74 


— 0'2I 


—7-53 


—0*42 


— z 


—7-25 


—7*73 


+0-48 


— 7*53 


-fo*a8 . 


o 


— 7*6a 


— 7-63 





—7*43 


— 0-I9 


I 


—805 


—7.42 


— 0*63 


—725 


— o-8o 


1 


—675 


—7*14 


4-0-39 
4-0-86 


—699 


4-0-24 
+074 


3 


—5*93 


—679 


—667 


4 


— 6*42 


-639 


—003 


— 630 


— 0'12 


5 


—5-94 


—5*94 





—5-88 


—006 


6 


—574 


-5*45 


--0-29 


—542 


—0-32 


7 


—3*99 


—4-96 


+097 


—4*54 


+o*55 


8 


-5*i6 


—4*43 


—073 


— 445 


—071 


9 


—3-90 


—3-90 





—3*95 


+005 



16 diiSerences between the observed and calculated values are alternately 
ive and negative, and lie partly within the limit which was given above 
lie uncertainty of such 5-day means. As only a few observations have 
used here, to determine the constants of the formula, these must be more 
rately calculated according to the method of least squares. I presume 
the principles of this method are known, and only make the remark that 
advantageous in the application of it to put the starting point of the co- 
lates in the middle, and then take as many positive as negative values of 
in the above case, because a great portion of the multiplication will be 
1, as the sum of the positive and negative quantities equals 0. If the 
icted constants are calculated, the equation gives : — 

y -= — 7''-4298 + 0-14046 x + 004264 a^ — 0-001692 a^. 
le temperatures calculated from this formula are entered in the column 
ed "corrected;" they show a single minimum about the 20th January, 
there is nothing to remark about the anomalies shown by the observations, 
ese are to be reproduced by the formula, many more terms must be 
; but I think it must be the object of all calculations in Physics to 
mine exactly a curve by the formula, which fluctuates, as the one drawn 
would do, in its regular progress. And the differences between the 
ved and calculated values are smaller than were given above for the 
ible errors of such means, so that our successors may determine, after a 
period, whether the reason of these differences lies in the formula or in 
act that the observations have not been long enough continued. Be- 
, the temperature curve deduced by Brandes from the observations of 
uler shows a march in parts very different, and the mean of both series, 
regard to the number of years used, would have given a somewhat flue* 
^g curve. 
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There are numerical values often considered in Meteorology, wbich recnr 
after a certain period, and i*rhich, in this period, obtain a more accurate value 
the oftener they are observed, and the greater the number of observations from 
which wo take the moan,— so it is, for instance, with the mean temperature of 
the individual months, which after the lapse of a year always have nearly the 
same value ; it is also the same with the temperature of a day, which after 
24 hours should have the same value, if there were not disturbances caused 
by winds, &c. although here long continued observations would show that in 
the first half of the year the temperature of any hour in the following daj is 
somewhat higher than in the previous day, while in the second half of the year 
the opposite takes place. If therefore at one place hourly observations hare 
been made for several years, and if for each month the mean of the tem- 
perature observed at the same hour is taken, it is not strictly correct, if we 
consider those means obtained to be such as belong exactly to this day, bat 
we have in the numbers found, on the one hand, quantities belonging to the 
daily period, and on the other hand, the variation which corresponds to the 
march of temperature from the end of the previous to the beginning of the 
following day. If we draw the yearly temperature curve from many years' ob- 
servations, the portion which corresponds to April is nearly a straight liD^t 
therefore the temperature rises from one day to the following by about thesams 
quantity. If, then, according to these observations, the Ist May was 6° vanner 
than the 81st March, the mean of each day would be about 0^*2 warmer ibs& 
the previous day ; if we distribute this over the hours, each would take 

0°'2 

-gj- = 0^ 0083 ; if the hours are reckoned from 1 to 24, indifferently as ^ 

which hour 1 corresponds, the 24th is, owing to this circumstance, (f'^^ 
warmer than that indicated by 1, an i in a strict calculation of the period* 
regard must be paid td this change in each individual calculation.* Tb^^ 
correction, which in a rigid theoretical investigation of the subject would ^ 
necessary, is in the ordinary calculation of the observations less necessary, (^^ 
independently of the fact that it is only small in the majority of the mont3>^ 
the quantities which we deduce from the calculation of the mean serve chi^^ 
to check the mean temperatures of such places where only a few observati^' 
are taken during the day, where indeed errors occur in the same way. 

For quantities like the above mentioned, parabolic functions would ' 
unsuitable, and the use of periodic functions is here, at all events, na^ 
appropriate. It appears that Lambert was the first that used them, in S^ 
investigations on the warming of the earth by the sun.f In the same way^ 
the ordinary reckoning of time is divided into 24 equal parts, we supp^ 
also the circumference of the circle subdivided, then each hour correspof^ 
to an angle of 15^; and if we indicate a point on the circle by and reg^" 
this as the beginning of the reckoning of time, then the nth hour correspoC 

* See RikatcheflTs paper : — *' Marohe diome de la Tempteture 4 St. Petersbour^ 
1873. (TraDslator.) 
■f Lambert, Pyrom^trie, 4. Berlin 1779, p. 334. 
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to the angle n.l5°. Lambert assumed that the observed quantity a, which 
corresponds to this hour, can be expressed bj an equation of the form :— 

a ==/> + P1C0SU+ qisin u + /), cos 2 u+ ^2 sin 2 H+p;iCos 3 w+ q^sin 3u... 

and he appHed this to a series of temperature observations. Here u is the 
angle, which corresponds to the epoch of time (n . 15°) in which the observa- 
tion was made; a is the observed value, and p, Pu Pi 9i>92* 931 

are constants deduced from the observed values. A long time elapsed 
without an attempt being made to utilise this very convenient expression, 
which enables us to view the course of a phenomenon more precisely than by 
the observations themselves ; Bessel first made use of it in 1H14 (Jenaische 
Literatur-zeitung, 1814, No. 231) to determine the laws of the daily fluctua- 
dons of the barometer, and he afterwards wrote a detailed account of its 
application (Schumacher, Astron. Nachr. Bd. YI. No. 136).* Then it was 
used especially by Hallstrom (Poggend. Annal. IV. 405 ; YIll. 131 ; XI. 
361), by Bouvard (Mem. de FAcad. des Sciences, VII. 300 ; Biblioth. Univ. 
XII. 276), by Schmidt (Math. u. Phys. Geograph. 11. 279), by myself and 
others, and we have been more and more convinced of its suitability. 

With respect to the theoretical proof of this applicability, I will not touch 
upon the old controversy raised in the investigation of vibrating strings, 
as to whether an expression of this kind was suitable to express also each nou- 
eontinuons function. We have partially to do with the latter in meteorology, 
ibr if, for example, we investigate the daily march of the temperature, 
different causes act, according as the sun is above or below the horizon ; 
calculation shows here the possibility of applying the expression. Fourier 
also proved (Th^orie de la Chaleur, p. 167) that tKe value of any function 
coald be given thereby, and subsequently analists, amongst whom are 
tl^oisson, fLejeune-Dirichlet, fSchlomilch, have not onl} more precisely 
^tablished this theory, but have shown that the series constantly converges. 
^ut, however useful this expression miy be in the consideration of meteoro- 
^^cal phenomena, and however frequently it has been made use of by myself 
tod others, we should never forget that it is only an interpolation formula, 
^Mch we employ because hitherto it is not possible for us to develop, the 
^Ues which are represented by it by theoretical considerations. Lagi-ange, 
^ho calls the curve represented by this equation the generatrix (courbe 
J^Xieratrice), very truly remarks with reference to its appUcation in vibrating 
'triugB : — I 

** U est certain, que si on veut, que la courbe generatrice soit la meme 
^^m^triquement que la courbe initiale, 11 faut que celle-ci soit renfermee 
**ii8 Tequation 

y = (ij sin a; + rt^ sin 2 a: + . . . . 
'^ dig la meme geomettiquement, car il suffit que la difference de ces deux 

* See Translatioii in * Quarterly Weather Report ' of the Meteorological Office, 
^^O. Part IV., Appendix. (Translator.) 
t Heferences to the Papers are given in the original work. 
X MiBcell. Taurm. lU. 259. 
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coorbes soit moindre qa'ancane grandeur doxm^e, ponr qn'elles pnissent 8n 
prises poor les m^mes. Or il est clair que quelle que soit la courbe initiak, 
on pent faire passer, par une infinite de points infiniment proches de cette 
courbe, une autre courbe de la forme 

y =: aiBmx + a^eia^x + • • • • 

de maniere que la difference entre les deux conrbes soit aussi petite ^'on 
voudra, quoique cette difii^rence ne puisse devenir absolument nulle, qae duB 
le cas oil la courbe initiale sera aussi de la m6me forme. Dans tons lea 
autres cas cette courbe initiale ne sera qu'une espece d'asymptote dont la 
courbe generatrice pourra s*approcher k Finfini, sans qu*eUes pnissent 
jamais coincider entierement." 

Tbe easiest application of this formula is when we have a series of 
observations made at equal intervals in the course of the period. This is the 
case whenever an instrument is observed from hour to hour, so that we get 24 
equally distant calculations during the day. We b^in the numbering of 
the hours at any moment, usually at noon,* and number them to 24; let S^, 

S21 S24 be the observed values corresponding to the individual hours ; ui 

hour corresponds to an arc of 15° in the circumference of a circle, and we get 
the following 24 equations : — 

Si = l> + />i +P2 +Pt 

Bi=p + Pi cos 16°+(7, sin 15°+/>, cos 80°+^, sin 80°+y, cos 45° 

+ ^3 sin 45° ... 
Ss = ;> + Pi cos 80°+(/, sin 80°+;), cos 60°+^, sin 60°+p, cob 90° 

+ 5, sin 90° ... 

824= i? + Pi cos 845°+^! sin 846°+pa cos 880°+^, sin 880°+p3 cos 815° 

+ ^3 sm 816° ... 

How far we continue the series depends on how fea we wish to carry the 
approximation. If, for instance, it is a question of deducing a series for the 
daily range of temperature, and if the observations embrace only a few years, 
it is quite sufficient to continue the calculation to the 8rd hour angle, as tbe 
quantities made use of are not yet sufficiently accurate to repay the trouble 
of further calculation. If, however, the latter are determined by a long series 
of years, the terms referring to the 4th hotir angle may be added. I shall 
make some remarks on this point afterwards. 

If we wish to determine the constants p, Pi, p, q^, g^ the 

method of least squares leads much quicker to the end than if we only made use 
of so many equations as there are unknown quantities. If we first multiply 
each equation with the co-efficient of p, (therefore 1) and add, we get on the 
leftside: — 

Si+ Sa + + S«, 

• In accordance with the Resolutions of the Vienna Congress (1874), the day i^ 
usually reckoned from midnight to midnight. (Translator.) 

\ 
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therefore the sum of the observed valnes on the right side is first found to be 
24 p ; with regard to the remaining terms on this side, the first is 

Pi (1 + cos 15^ + cos 80° + + cos 845°). 

The second is 

qi (sin 16° + sin 80° + + sin 846°). 

If, however, we divide the circumference of the circle into n equal parts, 
then by a known principle of Trigonometry 

1 + COS — + COS 2 . — + + cos (ri— 1). "^ "^ " 

an^ + an 2. ?!L + +sin(n— 1). ?^ = 0; 

accordingly the whole sums on the right-hand side vanish, and the final 
equation is 

Si + S, + + S^ = 24 p, 

or if we express the sum of the observed values by [a] and generally have n 
determinations of the period : — 

[a] = n/) or /) = ~ [a], 

and is, therefore, the same as the arithmetical mean. 

In order to obtain an equation for pi, each of the above equations is 
multiplied by the coefficient of pi ; we get thereby on the left-hand side the 
8ains:<— 

Si + Sa COS 16° + Sa cos 80° + + S24 COS 846°, 

on the right-hand side the co-efficient of j9 = 0, that of pi is 

1 + cos' 16° + cos* 80° + cos* 46° + cos' 845°. 

If, however, in general is the nth part of the circumference of the circle, 

1 + cos* + cos" 2 + + cos* (n^l) == i n, 

wmd in the same manner 

1 

sin a* + sin* 2 + + sin« (n— 1) = — n. 

^Therefore in our expression of the sums the term containing pi is in, that is, 12. 
The following term is 

^, (sin 15° cos 16° + sin 80° cos 30° + sin 346° cos 346°) 

The series included in the brackets is equal to 0, and the some holds good 
of the following terms, we therefore obtain the final result : — 

(Si + S2 cos 16° + Sa cos 80° + S^ cos 846°) = 12 p,, 

and 

(S, sin 16° + S3 sin 80° + S24 sin 846°) = 12 q,. 

Similar considerations hold good for the following terms, and if we have 
regard to the equality of the sines and cosines and to the signs in the 
equations so found, we get the following series of equations, in which I have 
80 written the quantities as they are best arranged when applied to numerical 
examples : — * 

* Mr. Bondell has printed Tables for facilitating these calculations, by the use of 
natural sines, &o. (Translator.) 
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12,,= (+1,4;:) 

/ S.-3.\ 

"'■-(+K) 

( B,-S„\ 



B,- 


-3. 


+s„ 


-8, 


+s„ 


-8„ 


+S, 


-3. 


8.- 


-8, 


+s. 


-s„ 


+s,. 


-8. 


+s,. 


-s» 


s. 


-s, 


+3, 


-8. 


+3.. 


-8„ 


+8,. 


-3,. 


+s„ 


-8„ 


+s„ 


-3,. 


s, 


-s. 


+8. 


-8s 


+3, 


-s. 


+s, 


-s, 


+8, 


-8„ 



B, + 8,+ B,+ + 8, 

co.8o»+ (+^11:) «•<" 

COS 75° + 8, — 8u 

+ (+8..- 
sin 75=+ Si -B,, 



P + 



n60° + 



( B,-S„\ 

1+b„-bJ 

/^ B.-S,\ 
*,+S„-3,J 
/ 8.-8,.\ 
V+3„-S.; 
/ 8.-S,.\ 
V+3.-8.J 



-I) 



8.-8, 
+B,-S, 
+B„-3„ 
+S,-B 

8,-B, 
+3,-S„ 
+3,-3,, 
+B„-3„ 



+s. 


-s, 


+8. 


-3„ 


+8 


-B„ 



eo» 60° +3,-3, 



+8„-S, 
+8„-8, 



cos 60° +8,-8, 



«ii60P +B,-S„ 
+S„-8, 



3,-8. 
+8,-8, 
+8,.-B„ 
+8„-8„ 
+8„-8„ 
+8,-8, 

8,-8, 
+8,-8, 
+S,-8„ 
+B,-8„ 

- -8,, 



12 J, - 



Bm4ff= +8,- 



+3,-8, 

+3,-3, 

1+3.-3,; 



If tile obBerrstions are made every two honrs, and therefore ooly 12 ralaea 
given in the period, i.tj. in the mean temperature of the individoal months, 
then all the terms in which the uneven numbers occur disappear, and the 
numerical coelhcicutB of j> and q become 6. 

The groat advantage in this method is, that all nnmerical coefficients are 
calculated independently of each other ; not only does this admit of an easy 
deduction of the same, but if, for instance, we have gone as far as the 2nd 
angle and found that the differences between observed and calcidated values 
were still somewhat large, we conld deduce the 8rd angle without altermg the 
coefficients of the 1st aud 2nd angles, so that we need pay no further atten- 
tion to these. We can also determine whether it is necessary to add 
new terms to the series without comparing the calculated aud observed 
values. If, for example, we square the observed values and denote their sum 
by [a a] then, according to the principles of the method of least squares, the 
Bum of the squares of the remaining errors is determined by the equation 
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bat I expressly observe that I prefer to make the comparison itself, for we 
learn from the quality of the errors themselves whether these still show a 
periodicity, and therefore whether fresh terms are still necessary. 

The accuracy of the calculation is most easily checked in the following way. 
The arithmetical mean p of the 24 observations is most safely proved by 
doing the work twice over. As regards the other terms, we have in p and 
the corresponding q the same quantities, which are multiplied by the sine or 
cosine of the same angle, and only distinguished by the sign. If, therefore, 
the calculation gives, sayj (a—b) sin 45° and (c— rf) sin 45°, then a+b must 
equal c+d. If this is not the case, there must be a mistake in the work. 

The method here given has often been applied in my Treatise on Meteorology 
and by others ; but many problems allow of a still more precise calculation. 
If, for instance, we have hourly observations of temperature in each month, we 
may perform the calculation in two ways. We can, as usual, investigate the 
march of the temperature in the same month ; or we can also determine the 
state of the thermometer at the same hour during the year. In a compre- 
hensive investigation both periods must be taken into consideration at the same 
time. In this case the following method is applied. After the various values of 
p and q for each month are found, the yearly period of each of them is investi- 
gated in the same manner as before ; these calculated values I take as the 
more probable, and with them calculate in each month the temperatures of the 
individual hours, in which I usually retain only the arithmetical mean (p) as 
given by each month. In this case the differences between observed and cal- 
culated values are certainly greater than if the constants are retained as given 
by each month, but I think that the conditions corresponding to the climate 
of the place are more accurately expressed thereby. Suppose during a hot 
day in July the temperature in the afternoon was lowered suddenly 10° or 
more by a thunderstorm, and even that this were repeated during several 
successive days, as frequently happens, the influence of this would be 
exhibited in the monthly mean, and the constants of the function would 
thereby be somewhat different than would be the case if this disturbance had 
not occurred ; they would as nearly as possible agree with the anomaly. In 
June and August perhaps the temperature changes more regularly ; and this 
regularity, which is shown more or less in other years, gives the constants of 
each month more certainty. Moreover this calculation confirms the remark 
made above, that the labour is hardly repaid, if the later terms are taken into 
account, when the observations embrace only a few years. For example, p^ 
and qi are determined with tolerable certainty in the march of daily tem- 
perature even by observations of a single year. . If we seek the annual march 
for p2 and 921 the differences between the calculated and observed values are 
greater ; it happens, not unfrequently, that with p^ and q^ if the calculation 
for a single month had given them positive values, the yearly period gives 
equally as large negative values, and conversely ; a proof that their determina- 
tion is so uncertain that the labour of calculation is not repaid. Only a long 
series of years gives a greater certainty to these values, as I have convinced 
myself when I only made use of a few years for individual places, and in a 
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later repetition of the calculation could base them upon a longer sez^ of 
years. 

If the quantities p and q are determined, the equation allows of a somewhat 
different expression. 
If 

Pi == iti sin Vi , 9i ss 11} cos Vi 

the general term becomes :— 
Pi cos n . 15° + ^1 sin n . 16° = 

ill sin Vi cos n . 16° + u^ cos V, sin n . 16° = i«i sin (Vi + n . 16^) 

where tan V, = ^i-and Ut = . ^' ■ = — ^r^ 

9i sm Vi cos Vi 

If this substitution is made in the remaining terms, the general equation 
becomes :— 

a^ = ;) + Wi sin (Vi + n . 16°) + Ua sin (V, + n . 80°) 

+ U3sin(V, + n.46°)+ 

Simple as is the deduction of the constants in this series, the calculation 
is, however, very tedious if we often apply the equation, even when, as nsnal, 
five place logarithms are used. As sin 16°, sin 46°, sin 60°, and sin 75° are 
always used, I have added a table containing the multiples of these quan- 
tities, whereby the multiplications are saved ; I have calculated them for the 
whole numbers, and any one can determine the proper decimal places in any 
problem.* If the quantity, which is multiplied by one of these sines, should 
contain one decimal place more than is given in the table, the interpolation 
is easily efifected; suppose in the investigation of the range of temperatnre 
we had to calculate 11*62 sin 76°, the table gives : — 

11-6 sin 76° = 11-2048 • 
11-7 „ = 11-3014 
Diff. for 0-1 = 0-0966, or for 001, 0-00966, consequently 11.62 sin 75° -* 
11-2048 + 00193 = 11-2141. 

If, however, in calculations of the range of temperature we are conten 
with two decimal places, cases of this kind seldom occur, according to mi 
experience, and then we can easily make the interpolations ; moreover, in th 
use of more decimals the last is so uncertain, that we may just as well omit^ 
the last place in the sum obtained, as is done in similar calculations. 

Ai the constants of the equation are determined, and if we wish to calculated 
from them the values corresponding to individual points of the period, one^ 
of the following two equations can be used :— 

a = p + piCOBn . 15° + qi sin n , 16° + . . . • 

or 

a = p + 1*1 sin (Vi + n . 16) + . . . • 

The individual products which occur in the first of them can be taken out 

of the table of multiples of sin 15°, &c. or if we wish for greater accuracy — 

as p and ^ as a rule contain more significant figures than the table gives — ^we 

have only a few logarithms to look out. If we apply the second formula, we 

« Tables not' printed. See note at the foot of page 183, ^th reference to Mr. 
Randell*8 Tables. (Translator.) 
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must determine the valne of Yi + n . 15^ for each honr, and look ont]]the 
appropriate log. sines and log. cosines. I always prefer the latter method, 
for if fewer moltipUcations occur in the first, we must make six additions or 
subtractions if we go as far as the third angle. In the second method the 
number of operations is half as great, moreover the number of multiplications 
is less than appears at the first glance. For, for the hours 1 and 18, 7 and 
19, the products Mj sin (n . 15° + Vi) are given by the values oipi and ^i. If 
we take for this single angle the hours 2 and 14, the products Ui sin (15° + VJ 
and til sin (195° + Vi) belong to them; these are equal, but opposite. 
The products n^ sin (106° + Vj) and sin (285° + Vj) belong to the hours 
8 and 20, these are u^ cos (15° + V,) and Ui cos (195° + Vj) ; if, therefore, 
we take from the tables at the same time the value of the sine and cosine, we 
have these four values at one time, and so for the single angle we only look out 
the logs, of sin. and cos. for the hours 2, 8, 4, 5, and 6. For the double 
angle we need only turn up these numbers for the hours 2 and 8, for the 
third angle only the hour 8, and so on. Moreover, it is advantageous to 
calculate at once the values for the hours 1 and 18, 2 and 14 ... . 
then the same quantities are added and subtracted at the same time, or added 
in one and subtracted in the other. 

After having convinced oneself that the constants are sufficiently accurate, 
it is often of interest in many problems to calculate the epochs of maxima 
and minima and their exact values. If for this purpose we differentiate 
the equation 

a = p + Ml sin (n . 15° + Vi) + tia sin (». 80° + V,) . . . 
and solve- this, we get the roots very accurately.* But the equation to be 
solved is of a higher degree when the sin. is changed into cos., or vice versa, 
and the solution which is always but an approximation requires much time. 
The object is attained much sooner by ** probing.'* For instance, if we take 
the highest temperature, say between 2 and 8 o'clock, we see immediately 
from the values found for these two hours whether it is nearest 2 or 8 o'clock, 
and so guess where it occurs. If we suppose it to be at 2^ k, to which time 
the angle (84° + V,) corresponds, we then calculate the temperature for the 
times corresponding to the three angles 88° + Vj, 84° + Vj and 85° + Vi, 
which can be done very rapidly. Then if the greatest value belongs to 
84° + V„ and 83° + Vi and 85° + Vi both equal, the maximum is de- 
termined with sufficient accuracy. If a somewhat greater value belongs to 
85° + Vi than to 88° + Vj we can here either estimate, or calculate other 
angles between 84° + Vj and 85° + V^ in the same way. But this does not 
seem necessary, as four minutes correspond to an angle of 1°, and it is only 
in very rare cases that we can be sure of this value. 

In the same way the time for the mean is determined; as p ^^ the 
arithmetical mean of the observed values, we have to solve the equation 
= wi sin (n . 15° + Vi) + wj sin ( n . 80° + Vj) + . . . . 

• See Fonnula given by Dr. Jelmek, m hia great work, On the Discussion of Ob- 
servations made at Prague, 1850 (p. 18), which leads to the same result more easily. 
(Translator.) 
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which is also most conveDiently done by ** probing," as the moment of mean 
temperature is nearly known. 

In this way it can also bo judged whether the mean of the observations at 
the different times is equal to the true mean or not. Supposing we have 
observed at times corresponding to the hour angles m . 16°, » . 15°, 9 . 15°, 
we then get the following equations : — 

a„ =i) + ui sin (w.l6° + Vj) + th 8in'(w.80° + V,) + . . . 

an^^p-^ ui sin (/I. 15° + V,) + Ut sin (;i.30° + Vj) + • . . 

a^=-p + u,sm (q. 16° + Va) + (w, sin (^.30° + V,) + . . , 

If we have in this way r observations made during the day, nnd should their 
arithmetical mean be equal to the true mean, then must 

Om "4" Qn + ttq • • • • „ 

— JJ, 

r 

This, however, pre-supposes that the sum of the remaining terms on the 

right-hand side vanishes, and this leads especially to the conditional 

equations 

til 8in(w.l5° + V,) + Wisin(ml6°+Vi)+ . . . = 

ti^ sin (?n.30° + V^) + it, sin (n.30° + Vj) +...== 0, 

as these are of the greatest importance, although it is also possible that the 

sum of the two or more conditional equations vanishes, while each still 

retains a determinate value. 

Most observers will make their observations at the exact hours, therefore I 

will add a few remarks for these. If two observations are made daily, at 

equidistant intervals, we get the following two equations : — 

a^—p = u, sin («.15° + V,) + v^ sin (n,30° + V^) + . ; . , 

a^^p = u, sin (;^15° + 180° + \,) + u, sin («,80° + 360° + V,) 

+ «3 sin (h 45° + 180° + V3) + .... 

Here the sum of the terms on the right-hand side must = 

Now 

u, sin (n.l5° + VO == — u, sin (n.l6° + 180° + V^) 

and the sum of both is 0. 

Further 

w, sin (w.30° + V,) = t(, sin (n.30° + 360° + V,). 

Therefore their sum is 

2 M, sin (n.80° + V,). 

The sum of the two terms, which contain the three-fold angle, is again ; on 

the other hand, we obtain for the fourth angle : 

2 1/4 sin («.60° + V4). 
We obtain, therefore, as the difference between the mean of the observed 
values and the true mean (on account of the division by 2) : — 

tij sin (71.30° + V,) + M4 sin (w.60° + V4), 
or, if we omit the fourth angle ; — 

i«2 Bin (n.30° + V,). 
Should therefore the mean of the twro observations be equal to the true mean, 
the angle sin (n.30° + Vj) must be so chosen that the sin = 0, and if this 
should not fall at any whole hour, we take the nearest. 
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If three equidistant observations are taken, the equations are :— 

a — /? = tti sin (n.l5° + V,) + m, sin (n.80° + Vj) + . . . . 

«! -|> = ui sin (n.l5° + 120° + V,) + w, sin (n.30° + 240° + V,) 

+ ti, sin {nAb'' + V,) + u, sin (n.60° + 120° + V4) + . . . 
a, - ;, = w, sin (h.15° + 240° + V,) + w, sin (r/.80° + 120° + V^) 

+ U3 sin (n.46° + V3) + M, sin (n.60° + 240° + V,) + . . 

On the right-band side we have 

tij sin (n.l5° + VO + u^ sin (n.l5° + 120° + Vi) + w, sin 
(w.l5° + 240° + VO = 0. 

The same holds of the terms which contain li, and 1^4, and there remains, 
therefore, only the nlean i^j sin (n.46° + V3), therefore sin (?j.45° + V3) gives 
the hour. Since, however, u^ is usually smaller than v^y so M3 sin (n.45° + V3) 
is generally smaller than 1^ sin (w.30° + V2), and we see that without a better 
choice of hours, three equidistant observations give generally a more accurate 
result than two. 

If we take four equidistant observations, we obtain in the same manner the 
following conditional equations : — 

uj sin (n.l5° + V,) + «, sin (n.l6° + 90° + VO + ) _ ^ 

111 sin (n.l6° + 180° + VO + ih sin (n.l5° + 270° + VO ) ~" ' 

u^ sin (n.30° + V,) + «, sin (n.30° + 180° + VO + \ _ ^ 

«, sin (w.30° + VO + w, sin (w.30° + 180° + V,) ) "" "' 

li, sin (n.46° + VO + tia sin (n.46° + 270° + V,) + | 

w, sin (n.45° + 180° + VO + u^ sin (n.45° + 90° + VO ) ^ ' 

U4 sin (n 60° + VO + U4 sin (n.60° + VO + \ _43i^,„6o° + VV 
u, sin (n.60° + VO + u, sin (n.60° + VO j - * ^m [n.iiKr -f Y^j , 

hence the mean 1/4 sin (m.60° + V4). 

As now U4 has a small value this product is never important, and we see, 
therefore, that four equidistant observations give the mean temperature very 
nearly, however the hours may be chosen. If we take 6, 8 or 12 equidistant 
observations, their mean always agrees with that of all 24 observations. In the 
deduction of the constants, it is presumed above that none of the equidistant 
observations are missing during the whole period, and then the calculation 
is simple and easy. If many of them are missing, if e, g, we have hourly 
observations of the temperature during the day but not during the night, 
the calculation is more difficult ; for if we make the necessary multiplications 
to deduce the final equations, the products no longer cancel each other, and 
each of these equations contains in general the whole of the constants j9, g, 

. . . , and therefore the elimination is more intricate. 

In this case graphical constructions afford the advantage of giving figures 
which may be utilised in determining the constants of the periodical expression. 
If, then, a comparison shows that the quantities given by the formula differ 
much from those which are deduced by construction, the calculation can be 
repeated with the former. If we use the observations at a place where the 
observations^ are also given during the night, but some of them are omitted, 
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and with the help of the rest a cnrve is drawn in which the qnantities for 
the missing hours are obtained, we are persuaded that we approach tolerably 
nearly to the truth. As the lowest temperature everywhere occurs somewhat 
before the rising of the sun, the position is given thereby where the curve 
bends ; the magnitude of the minimum is, however, very correctly obtained 
when the course of the curve in the remaining portion of the day was well 
drawn. At the observatories of the Russian Empire, observations were only 
made in the day-time during the £rst years. The constants which I deduced 
from them, and the other conditions of the curve agree closely with tiiat which 
the later hourly observations give. 

There are still other phenomena in the domain of meteorology and kindred 
sciences which may be represented by the use of periodical functions^ to 
which they have not yet been applied. The secular variations of the 
Declination of the magnetic needle, for instance, are usually represented by 
parabolic equations ; it appears to me, however, more suitable to use periodic 
functions in this case also. The evil certainly is, that the duration of the 
period is not given so directly as in the daily and yearly variations. In 
Paris we know more than half the period. While I assumed a value for the 
length of the latter, and sought the value of the angle x in time, I calculated 
by the help of a few observations the constants a, 6, c, in the expression 

a + b aia X + c cos x + d sin 2 x + . . . . 
By the errors which now remain, not only the constants but also x are more 
accurately determined. The calculated values agreed now with the obser- 
vations, at least quite as well as with parabolic functions. I used the value 
of X thus found for Paris as a first approximation for other places ; it was 
shown that the value was different, at each place, but this change followed 
pretty regularly the change of latitude and longitude.* 



DISCUSSION. 

The President observed that the method of reduction of meteorological 
observations advocated by Kamtz was but little used in tliis country ; the only 
person by whom it was systematically adopted, so far as he was aware, being the 
Kev. R. Main, the Radcliffe Observer at Oxford. This was probably due to the 
fact that the graphical method of determining the course of curves of temperature 
and other meteorological elements occupied less time and labour. 

Mr. C. Harding said that it was not necessary to have 20 or 30 years' observa- 
tions before BesseFs formula could be used. If we refer to Mr. Rundell's pi^er, 
communicated to the Society (see Quarterly Journal, vol. II. p. 217), we shall see 
that he deals with very short periods. The Radcliffe Observatory also most 
persistently uses the formula for obtaining the constants of various elements for 
each month and year. The application of the formula is simple, but observers 
should be cautioned against using too many figures in their calculations, or of 
gilding the results deduced with a fictitious accuracy, since BesseFs expression is 
merely an equation to the curve passing through the means at the respective 
epochs of observation. In calculating the expression for the year, from the 12 
monthly means, it is very important that the monthly means be as nearly equi- 
distant as possible ; to this end it seems desirable to include with Februaiy the 
last day of January and the first day of March. For the calculation of maxima 

* Tables for facilitating the calculations are given in the original, but not printed 
here. (Translator.) 



Quart. JoumMrt-SocTfaLffl. 11.6 



WINDS AT LIVERPOOL. 





N. Ni. E. 51. S. S«. W. N.W. N. | 




"it 












1 1 
















^ 


























■=^ 






























^ 


/ 




\ 






















































i.l"' 


f 
















■ILCS. 












.. 


fO 


'T ' 


f 






























^ 


-»^) 


/ 




'?^ 


^ 




^ 




\ 










,- 






/ 


' 


r^ 




■i'l 




,>i.\ 




\ 


iO. 












;^ 




v 


r 




f 


A 




\ 


..Lit. 




^ 


^ 




■il ' 


ur 


IT* -^ 




/: 




') 


















r H^ 


^ 




f 


/■■ 


J 














±S-fl 
-*5 






^ 


;^ 


- 


Ji 












\ 








/'/ 












\ 




aim. 


rf^ 


l« 




.;' 










\ 






.,'r 












^ 


N 


/ i 










\^ 


" 














4 


.-' 








,.-' 


s-. 




\ 


V? 










4^ 




/ 










/ 




v 




\ 








^ 






>* 














\ 




■ 


n^n 




/ 












i 


/ 








\ 
























' 










\: 


«.i 


















*!> 












\ 




L». 


"rr 












r 


H' 




1 


























,* 








I 






























,/ 




■k^ 


/ 














\ 










*^i 






/ 


, 


' 
















\ 






-oa 


K 




^ 


^* 






; 


















-OA 




























N. «.E. E. S.E- S. S,V W. «.«. N. 1 



BUNDELL — ^YELOOITT OF THE WIND AT UVEBPOOL. 141 

and minima, Dr. Jelinek's formula, referred to in the translation, cannot be too 
strongly recommended. He had found, from a somewhat exceptional opportunity 
of testing its worth, that the results deduced are highly satisfactory ; the 
€Mrpproximate time is amply sufficient in meteorological discussions, and this 
formula has the additional advantage of being directly applicable to original 
observations. 



Xm. Velocity of the Wind at Liverpool : Tabulation of Anemometric Records, 
By W. W. RuNDELL, F.M.S. 

[Beoeived Janoaiy 28th.— Bead April 19th, 1876.] 

• 

How shonld anemometric records be tabulated ? Ought the mean velocity 
recorded for each hour to be converted into figures representing force? 
Should the usual, or any other, constant which may be used for this purpose 
be corrected for barometric pressure ? Ought not a separation to be made 
between cyclonic and anticyclonic periods, and ought not the corresponding 
temperatures for the wind for the several points of the compass to be re- 
corded ? Are not sixteen points of the compass ample for this purpose ? 
If noty wiU not intervals of 15° of azimuth be preferable to points ? This 
mode would retain the eight principal points N, NE, E, SE, &c., but divide 
the intervals between them into three instead of into four parts. 

These and similar questions have presented themselves during a recent 
examination of wind velocities at Liverpool, as recorded by Mr. Hartnup in 
the very interesting Tables which he presented to the Dock Board in 1864. 
The Tables give mean velocities for sixteen points of the compass for each 
month for the twelve years ending 81st December, 1868. Although, as a 
record of velocity, these Tables are as complete and as carefully arranged as 
are any where to be found, they leave with the investigator the desire for 
additional information; more especially for synchronous records of tem- 
perature, barometric pressure, and whether the general movement of the air 
was cyclonic or otherwise. During cyclonic periods we have great velocity, 
great relative moisture, warm winter winds, cool summer winds. During 
anticyclonic periods we have low velocities, great relative dryness, and the 
extremes of cold in winter and of heat in summer. These important dis- 
tinctions are concealed under mean velocities. Even when temperatures for 
different wind directions are recorded, we lose sight of the difference in 
quality between a cyclonic north or a cyclonic east wind, and winds from the 
same directions during an anticyclonic period. 

The mean velocities of the Liverpool winds, arranged so as to show the 
seasonal means, are given in the following Table : — 
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These yelocities for summer, winter, and for the year, when examined by 
^esseFs formula for recurring phenomena,* give the following equations in 
^hich y^ represents the mean yelocity at North in miles per hour. The 
elocity at any other azimuth may be found from this by substituting for 
the angular measure of that azimuth from north, counting in the direction 
ftsterly from north, 

aminer Months Vn= ii'29 — 1*56 oosO — 3*83 sinO — 2*07 cob 20 — 'So 

an 2O — '34 cos 46 -{~ *^ Bin 46 and a remainder. 

Inter Months. Vn= 13*39 — 156CO86 — 5*82 sind — 1*39 cos lO — 210 

sin 20 — '84 cos ^0 •{- *i2 sin 4^ and a remainder. 

he whole 12 months . , Va= 12*33 — ''36 cos6 — 4*82 sind — 2*44 cos 26 — i'29 

sin 20 — '61 cos 40 -I" ''I Bin 40 and a remainder. 

For the present purpose it was not desired to continue the examination 
3jond the quadrantal term. The following are the remainders mentioned 
the above equations : — 

N. NNE. NE. ENE. E. ESE. SE. SSE. 

unmer — '24 — '62 +*io +'72 +1*06 — i*ii r— '47 +'23 

inter — '35 +'05 +'oi — '32 +1*18 — 1*43 +*2o +*43 

»r —'49 —'35 —'23 +*34 +'95 +'9^ —17 +33 

S. SSW. SW. WSW. W. WNW. NW. NNW. 

immer — '21 — '34 -{'1*40 — i*oi — '38 — '14 +73 + '15 

inter — -ei +'91 + '82 — 174 — -03 +-26 — 83 +1*25 

jar +*36 +'17 + '98 — 135 +'32 -{--lo — -24 + -85 

The same particulars are represented graphically in the diagram (Plate 
E.), which shows distinctly that the remainders represent real quantities, 
id that their causes are in operation throughout the year. The dotted 
irves represent the observations, and the line curves the sum of the co- 
icients so far as calculated. 

Speaking broadly, the foUowing may be taken as showing the results with 
fficient accuracy : — 

1. A constant easterly velocity represented by 4*186 miles an hour in the 
rection N 68° £ in summer ; by 6*025 miles an hour in the direction 
75° E in the winter ; or by a mean velocity of 4*186 miles an hour in the 
rection N 74° E throughout the year. 

2. A constant velocity from each point of the compass modified by a 
Adrantal term having its maximum minus value about N by E and 

by W, and its maximum plus value about E by S and W by N. The 
lues being : — 

Constant Velocity Qaadrantal Velocity Angles of greatest 

in miles per hour. in miles per hour. quadrantal effect. 

Summer . 11*29 . . . 2*22 . . . N 10°*6 E, &c. 

Mean of Year 12*88 . . . 2*76 . . . N 14° E, &c. 

Winter . . 18*89 . . . 8*18 . . . N 17°*9 E, &c. 

* Quarterly Weather Report of the Meteorological Office. Part IV., 1870. Ap- 
mdixIV. 
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The mean imlneH for the year are also represented in the diagram. (Kg. I-") 
The mode of constrnction of this diagram wiU be iUastrated in deBeribiug U** 
for representing the force of the wind, to which we now proceed. 




IH«gTain alunriiiB meui ralatiTe Telocity ot the wind at LtreTpooI bom the difitfT^!?! 
pointe ot tbe oompiu. The lines inaide the small interior oirole eliow ^^ 
relative -reloeitieB of tbe constant eaeteilj moremenl of the sir on the dillo*'*'^ 

SsintB, adding to the velocity of the winds on points to the left ot tha line at, ^£^ 
BoreaBing the velocity of the winds on points to the tight of the line n$. ^*" 
tormei are indicated by strong lines, and the latter by bold dotted Unea. 

The greater velocity of the winds here in winter accords with onr ordii»**J 
ezperiesce, we now also Bee by the analysis that the separate elem^" 
increase in velocity in the same season and in a greater ratio. Bnt '^^ 
equations from which these facts are deduced, besides formulating in a eon^^'^^ 
manner a large variety of observations, will, it is hoped, lead eventoally *° 
the eolation of the physical canses of their several terms. Conrert w^S-** 
velocity into force for each point of the compass, and we have similar dat^ *^ 
that which la constantly treated in calculating Uie direction and amount " 
the magnetism of on iron vessel from observations of the deviation of 4^ 
ship's compass as her head is held upon its different points. The el:*-'^ 
difference in the two problems is this, that while in the latter a pbyn-'^'^ 
cause can be assigned for each of the co-efficients, in the former nothf-'* 
seems known at present beyond the fact that all the phenomena depend mf 
or less directly upon the son. 

Although it is far from satisfactory to deduce the force of the irind b<^^^ 
the mean annual or mean seasonal velocities on tbe different points of b^'^^^ 
compass,* it may be worth while, as an approximation only, to irj the ^^ . 
periment, and I venture to think that the result as given below may not "V-^^^ 



* I am now able to state that if the toroe of the wind were caloulated bom 
Telooity for each boor, instead of from the daily means, the Srst term in the eqnatL.^^ 
tor force would be about one-third larger, and that the other terms woald probata 
remain much the same m stated in the paper. — April IBth. 
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t«reBting to the Fellova of the Sooiet;. The mean winter wiiida are 
t«d for this pnrpose, and the valaes are taken for each 1S° of azimath, 
tjng from north b; way of east, as calculated from the velocity equation 
^f obtained. The ugnal mode is adopted of makiDg F (force) ^=^7^ 

xesotting equatiou for force at north in lbs. on the square foot is 
: I-OI44 — -nSj oob9 — -814 »in fl — -391 eot *9 ~ 141 Bin afi — -038 oo» 38 
>3 Bin 30 — -109 00646 -\--onKinS -f- -oil eoa 69- 

le separate components of the force for each azimuth are given in the 
e on page 147 ; the remainders are also given, to show that practically 
«rhole of the force is included in the equation. 

be force on each point is represented also in the lower part of diagram 
e YI., and by the dygogram* Fig. 6. This term will be familiar to stndeats 
le magnetism of iron ships, and was first employed by the late Archibald 
ith, M.A., F.B.S.t The following figures 2, 8, 4, will make its mode of 
Fio. 3. Fio> S- Fu. 4. 






traction intelligible. From a scale of equal parts take as radius the first 
Bcient in the equation 1-014 and describe the circle N£ SW Fig. 2, the 

will reprasent the mean pressure of the wind. Next from the same 
lay ofi' 0« equal to 'S24 the force to the E of the second term, and en 
I to -128 the force to the I^ of the second term ; through On draw WN', 
leacribe the circle Oen. This line 0» represents a constant pressure 
.e wind in the direction from U to N', so that the pressure of the wind 

W to O win be increased by On, and the pressure in the contrary 
tion from N' towards will be decreased by On. In the same way, the 
(Ore from any point in the circle to the left of the diameter N" S' will 
.creased by so much of the diameter drawn throngh that point as passes 
igh the circle Oen ; and pressure from any point in the circle to the 
, of the diameter N" S' will be decreased by so much of the radius from 

point as passes through the circle 0«n. From this it will be seen that 
>iily pressures which will preserve the mean value will be those in the 
tioD M"0 and S'O, — directions at right angles to On. The lines 
agh the small circle vary as the sine of the angle they make with N"8', 
represent a polar force, 
le next term is that depending on cos 20 and sine 20. These are laid 



rhe tsim " Djgogism " is a contnioted form ot •■ Drnaino-gonio-gTam," or 
Umiialtj Manual lor the Direction of the Compasi. 3id Edition, 186ft, 
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off in the Bame maimer, O e, Fig. 3, being made equal to *891 and e n to *242, 
the tesnltAiit O n repreBcntiog the amonnt of the qoadrantal force ; bnt to 
obtaio the direction of its masimnm effect we most bisect the uigle N K', 
the azimnth from N of the resoltant. The nodes or pointa at which this foroe 
becomes will be at 45° and at 185° on each side of the point N." Instead 
of a circle, as in Fig. 2, we have now only a loop n n' ; the radii incloded 
within it varying as the sine ot twice the angle which tLej make with W 
or 0£'. The similar loops in the other quadrants will bear + and — signs 
alternately. As these loops would confuse the figure, the forces which tbe; 
represent may be laid off as in Fig. 4, in which the [lart of the curre W E' 
lying within the circle represent the nuntu valnes, and Uie parts without Uie 
circle represent the plu» valnes of the qnadrantal force. In the same way 
the forces depending on 89, 40, Ac, are to be lud off, taking care to divide 
their resnitant angles from N by 8, 4, &;., reepectiTely, to obtain the direction 
of their maximum values, and also taking care to lay off the co-efficienta in the 
direction contraiy to their signs. 

Dygogram Fig. 5 is constructed by the method now described, and in it 
the dark lines show the forces for the points on the left of the diameter n( 
at right angles to the resultant of the polar force, and the dark dotted lines 
show the forces on points to the right of this diameter. 



Tjl^'^ 




The TSdii of the large (drcle NS reprsBeiit the mean preBSOre ol the wind. The small 
oirole rBpresenU the effect on tiie prBBeareB from the different pointe of the ooin- 
poBi ol Uie eoDstont pressure in the direction marked " polar foroe." The eSeot ol 

the qusdrautal term la represented b; the line dotted thus , and that of the 

•eitantal term by the line dotted thus The remaining line ehowa the joint 

effect of all the smaller terms on the mean pressore from the different poiiita ot 
*!.* ««,«.« ; 11,8 thickened part ol this line represents alternately the via and 
Bt ol the dodeoantal turn. 
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When a Table like that at page 147 has been prepared, the valnes on the 
several azimaths in the Table can be easily laid off on these azimuths in the 
figure from a scale of equal parts. 

The wind force for winter at Liverpool, which has been thus approximalely 
represented, may be broadly described : 1. As a constant force in the 
direction N 81^*2 E of *884 lbs. on the square foot, and, 2. As a foree 
revolving round and pressing towards Liverpool equal to 1*014 lbs. on the 
square foot, but modified by quadrantal and other smaller terms depending 
on the particular azimuth of the force. Separating the constant force 
towards N 81°* 2 E firom the rotating force, — ^that is, omitting from view the 
interior circle of the dygogram, — we can see that the principal cause of 
change in the latter is the quadrantal one, and that the others only paitiaUy 
modify the peculiar form which the quadrantal force gives to the dygogram; 
but we absolutely know nothing at present as to the proximate causes of 
these symmetrical changes from change of azimuth. Even as regards ^® 
constant force towards N 81°'2 E, it is not unlikely that Buihce friction 0^5 
cause some part of it. Possibly the configuration of the land round ^® 
Observatory may also modify, if not produce, the quadrantal and btob^^^ 
terms. We know, for example, that the easterly winds are much stronger oi^ ^® 
east coasts of England and Ireland than they are at Liverpool ; and it is ^^^ 
to conceive that the shelter of the land to the east of the Liverpool ^^' 
servatory, and the open water to the NW of it, may materially influaic0 ^^ 
force in the quadrantal directions. 

It appears evident that only a comparison of the wind force at oiJ*** 
stations, in relation to the peculiarities of each station as regards '^^ 
distribution of land and water, hill and plain, in its vicinity, can enable xt^ ^ 
form an opinion as to the effect of such conditions ; and that the possibil^^ 



c 

a 

t 



of this comparison itself must depend very much on the records of ^^^^ 
several stations being tabulated in a similar manner. We thus come ro^ 
again to the questions with which this paper commenced. 

There is one feature in this attempt to represent the force of the wii^ 
winds of Liverpool to which attention must be directed. In the equation 
velocity, from which the equation for force was obtained, there is no .^ ^ 
varying as cosine and sine of 80, but in the latter equation this term maketf '^ 
appearance. This creation as it were of a sextantal term deserves notice^ 
it may assist in the physical explanation of this term when it occurs in o ^ 
meteorological phenomena ; as, for example, when it occurs in the dm^^^ 
inequalities of the barometer. In fiswt, it supports in a very marked way #>-^^ 
hypothesis that these inequalities are caused by ascending and descenr'^ 
currents of air occasioned by changes of temperature. A purely polar c 
in the velocity of the ascending or descending currents will, of necessi 
produce a sextantal term in the pressure, though this term will be mi^ 
reduced when the polar co-efficient by which it is caused is joined to a lar^j 
constant, as is actually the case with wind velocity. 

Fig. 6 will easily explain the production of the sextantal term from 
regularly recurring series in which sine^d enters. In this figure let the cu 
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FlO. 6. 



A represent one of which the ordinates vary as sine'd, and let the cnrve B 
represent one of which the ordinates vary as sined. Let the ordinates to 
both curves be equal at the angles 0^, 60^, 120°, and 180°, as is represented 
in the figure. Here it will be at once seen that a sextantal term lies between 
the two curves, and it is the mean value of this term which is represented by 
the co-efficient depending on sine 80 in the preceding equation for wind 
force at Liverpool. 

There are some other features which present themselves in the treatment 
of a series of terms, varying as sine'd, by Bessel's formula deserving careful 
attention from meteorologists, but they would be out of place in so elementary 
a paper as the present. 



DISCUSSION. 

The President said that the comparatively high velocity of the south-east 
wind shown in the diagrams and tables was apparently due to the position of 
Liverpool in the valley of the river Mersey, which there lay from south-east to 
north-west. In this position winds from a southerly point would frequently 
be deflected, and follow the course of the river. The flow and ebb of the tide, 
too, would conduce to the same effect. 

Mr. J. S. Harding said that having done some work in connection with the 
reduction and discussion of anemograms, he ventured to ofiEer a few remarks on 
the subject of the present paper. Of all the meteorological elements perhaps 
the wind is the most difficult to treat in a satisfactory manner, it bein^ 
necessary to take both force and direction as well as time into consideration ; and 
its relation to the other elements, e,g. pressure, temperature, &c. is not very 
well defined. The difficulty of the subject is indeed apparent in almost every 
ordinary printed register, for the force (or velocity) is generally meaned 
by itself, and the direction left untouched, or treated by itself. In anemo- 
metric records, however, the difficulty of dealing with the observations 
ia very considerable for the data for one year necessitate the tabulation 
of 8,760 observations for direction, and as many for velocity or pressure; 
and when the first work of tabulation is performed there still remains the 
question of how to deal with the accumulated mass of figures. The paper 
just read must create much interest, as Mr. Rundell is well known as a 
laborious and able investigator; and, as the self-imposed labour of a gentleman 
engaged in professional duties, it is a marked example of how large an amount 
of useful work may be done by any one devoting his leisure to a special 
inquiry. Mr. Rundell's treatment of the subject differed materially in some 
respects from methods which have been followed generally elsewhere. As an 
investigation into the winds of Liverpool, more especially with relation to their 
force or velocity, the paper is most exhaustive ; but from the mere reading for a 
first time it was difficult to say how far the results arrived at might, or 
might not, be combined with other investigations for arriving at the desired 
ultimate knowledge of the laws which regulate the general motions of the 
atmosphere. As he gathered from the reading of the paper, the velocities have 
been grouped under 16 points of the compass only irrespective ofhourSy and from 
tiiese the inequalities of the velocities have been treated by Bessers Interpolation 
Formula, the processes employed being very lucidly explained. The components 
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employed, however, are apparently only those deduced from the means given 
in the Tables. The methods previously referred to, and recommended by Dr. 
Robinson and others, proceed upon the plan of resolving each tndividucU hourly 
tabulation for direction and velocity combined into rectangular components, and for 
32 points of the compass. This method, although perhaps more tedious than 
that employed by Mr. Rundell, seems more likely to lead to the deduction of 
general laws of the sequence of the wind both as regards direction and velocity 
at any given time, its dependence on the position of the sun, &c. It is true that 
the latter method does not clearly show the general distribution of the winds 
which is popularly looked for, and necessary for many investigations, and the 
only way of solving the difficulty would perhaps be a combinea method, as re- 
commended by Dr. Hann, of Vienna, giving the resultants for each individual 
day and for each month, and adding, in the monthly results, the frequency of 
the principal wind directions. The mathematical treatment, by Bessers formuljL 
if more generally adopted, — being concise in its results, — is more likely to lead 
to the discovery of laws than a large mass of figures, and the attention drawn 
by Mr. Rundell to the method of dealing with anemograms will, it is to be hoped, 
lead to discussion among meteorologists, and to the laying down of a definite 
plan of operation in other similar investigations. 



XIV. On the Aspiration of the Dry and Wet Bulb Thermometers, By 
Samuel H. Milleb, F.B.A.S., F.M.S. 

[Beceived March 11th.— Bead April 19th, 1876.] 

As I had failed, after several attempts, to obtain some relation between the 
temperature of evaporation, or of that of the dew point, and the amonnt of 
evaporation from a surface of water under various conditions, i,e, exposed 
or shaded, I determined, last year, to adopt some method of aspirating the 
Dry and Wet Bulb Thermometers, in order to secure, if possible, more 
delicate, and, as I hoped, more accurate readings than are made in the 
ordinary way. It had occurred to me that on a hot, calm day, the air in the 
shade might become over-heated — notwithstanding all precautions to the 
contrary ; or that, on a cold, damp day, the air around the bulbs might 
become surcharged with moisture, and that, therefore, the stagnant air in the 
shade would not fairly represent the normal state of the atmosphere 4 feet 
above the ground. 

My thermometer-stand is somewhat like a Stevenson's screen, bat much 
larger than that is generally represented ; it is 4 feet square, and has a 
doable top, with one inch space between the boards. A raised cap overlaps 
the upper portion of the top, and thus allows ample space for the air to pass 
out, without the admission of rain or snnshine. The SE side of this stand 
is further screened by a large white board, fixed several inches horn the side 
and 8 feet from the ground. 

The Aspirator. — For aspirating I have used a water butt, from the top of 
which is led a pipe bifurcated inside the screen, and terminated by two cups,, 
each having two slits. This pipe is closed by a tap, when not used, so as to 
cut oflf all vapour from the butt. A small pump is employed to raise the 
water from the vessel which receives it from the butt; the great defect of this 
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The Beadinos of the Dbt and Wet Bulb Thebmombtbbs at 3 p.x.— drnttmied. 



Date 


Non-Aspirated. 


Aspirated. 


Difference of 


Wind. 


1 


1875. 
Dec. 














■ 


Dry. 


Wet. 


Dry. 


Wet. 


Dry. 


Wet. 


Direction. 


Fotoe. 













, 










/ 


I 


35*5 


3a*5 


357 


32*6 


I-I-0-2 


-|-0'I 


KE 


OS / 


2 


326 


32*6 


330 


325 


-fo-4 


O'l 


NNB 


02 f 


3 

4 

5 
6 


34'o 


33*3 


34*1 


33*1 


+01 


o'% 


NW 


0. / 






Aspirato 


r frozen. 












7 
8 


/ 
34*6 


32-4 


34*5 


324 


O'l 


O'O 


WNW 


03 




9 


347 


33'9 


350 


339 


+o'3 
+o'3 


O'O 


NW 


O'l 




10 


35-8 


35*2 


361 


35* 


O'O 


W 


oa 




II 


44*4 


429 


447 


430 


+0-3 


+01 


NW 


O'l 




12 


43*9 


42-6 


440 


42*5 


-Lo'i 


O'l 


WNW 


o'3 




13 


425 


411 


427 


41-1 


^.0'2 


O'O 


W 


O'l 




14 


37-0 


361 


37*3 


36*0 


+03 


O'l 


SB 


O'l 




15 


^4*2 


33*5 


341 


333 


0*1 


o'a 


BW 


0-2 




16 


387 


37*9 


387 


380 


O'O 


+01 


BW 


CI 




17 


41-5 


410 


41*6 


410 


+01 


O'O 


SSE 


0'» 




18 


43*1 


425 


43-0 


42-4 


o*i 


O'l 


S 


0*3 




19 


446 


44*3 ' 


45-0 


44-2 


+04 


O'l 


S 


07 




20 


47*1 


455 


47-0 


45*3 


O'l 


O'l 


SbyW 


2'0 \ 


21 


446 


42*3 


44*9 


422 


-H>'3 


O'l 


HW 


07 


22 


49-8 


447 


56 


450 


-|-0-2 


+0-3 


sw 


2-5 


23 


460 


434 


46-0 


433 


O'O 


O'l 


SW 


O'* I 


24 


491 


467 


49*2 


467 


4.01 
+0'2 


O'O 


BSW 


1-5 


25 


429 


409 


431 


409 


00 


1 w 


0'* \ 


-26 


479 


468 


481 


465 


4-0'2 
--0-2 


03 


W 


o'% \ 


27 


43-0 


427 


43*2 


42-6 


O'l 


8W 


ox 


28 


446 


430 


447 


430 


+0'I 


0*0 


SW 


O'X \ 


29 


464 


446 


46-2 


44*3 


0'2 


03 


BW 


o'». \ 


30 


45-6 


451 


45-8 


45'o 


4-0 2 
-|-0'2 


O'l 


SW 


o'« \ 


31 


44-0 


424 


44*2 


424 


O'O 


8 


05 


j 


Means 


41*8 


1 

40*4 1 

1 


419 


40-3 

1 


+01 


—O'l 


•• 


• • 



is that it cannot be used daring frost, but this difficulty I hope to obyiaio 
a dry Aspirator.* 

The Hygrometer. — The board that carries the thermometers is placed i 
frame, in which it can move vertically about 8 inches ; and is connterpoi^ 
by means of a weight attached to a wire passing over a pulley. On the st^' 
of each thermometer is placed a small disc of india-rubber, which covers ^ 
orifice of the cups when the bulbs are dropped into them. The necks of 
cups are contracted by a diaphragm, having an aperture smaller than 
pipes leading to the Aspirator. This contrivance appeared necessary, 
order to bring the air through the slits directly upon the bulbs. About » 

* For some time I have had in view the oonstruction of an aspirator by means (^ 
fan and clockwork, bat the plan is not yet matured. I want to draw the air past i 
bulbs, not drive it, in order to make it impinge upon the bulbs directly from witho 
I expect to accomplish this at a comparatively small cost. 



a 
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!<: foot of air passes each bulb per minute. The conducting threads of 
'^ret bulb pass into one slit, and as the small reservoir moves with the 
"anometers, its mouth remains below the bulb, and the water does not 
^ . 

^lie hygrometer used with the aspirator is one of Mr. Casella^s make. 

fc thermometers were verified at Eew, in August, 1874. The corrections 

^ery slight, being — 0*1 at 62° and 72° in the dry, and at 92° in the wet. 

^ non-aspirated one is by Messrs. Negretti and Zambra. This instrument 

been verified at Eew since the observations given in the preceding tables 
"o made. 

Bvery reading given in the tables has been corrected where necessary. 
e observations are those made at 8 p.m. With each observation is re- 
rded the direction of the wind and its estimated force. When (+) is not 
ed, ( — ) is understood. 

Some results obtained were not at all anticipated. One was the influence 
aspiration on the dry bulb. By reference to the tables it will be seen that 
piration caused its rise, except when there was a fresh breeze from N or 
Q. Sometimes with a stiff breeze from SW there was no rise. The 
latest increase invariably took place when the air was nearly calm, and the 
eatest decrease in the wet bulb at the same time. 

The question arises, does not the proximity of the wet hxiUb frequently lower 
? dry bulb nearly half a degree? For it so often occurred that when the 
y bulb was removed from the influence of the wet one, it rose to that 
tent. 

If frirther observations shall prove this to be the case, one of two plans 
ast be adopted where delicate readings are desirable, (a) either the bulbs 
cist be separated by a greater distance than usual, or (6) aspiration must bo 
sorted to. 

I do not know whether to regard the season at which these experiments 
)re made as altogether favourable or not, seeing it was a period of unusually 
lavy rainfall. At all events, I think it did not exaggerate in one way the 
!ects of aspiration, — that is, in the depression of the wet bulb. July, 1875, 
18 a month of heavy rainfall, and we find by reference to Table U., page 
>6, that the mean temperature of the dew point in that month was 55°'8 by 
m-aspiration and 55°* 1 by aspiration, showing a difference = — 0°*2; while 

June and August, months of higher temperature, the differences were 
spectively — 1°-0 and — 0°-7. 

I have registered thq effects of aspiration at 9 a.m. for several months, and 
have also read the hygrometer immediately before aspiration and after it 
d proceeded for five minutes, and recorded the results of the same, but 
,ve refrained from encumbering this paper with further details. 
When the dry aspirator is complete, an opportunity may occur to refer 
iefly to those results. 
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I. 





We obtain the 


following results from the 






Mean of 
Non-Aspirated. 


Mean of 
Aspirated. 


Differenee. 


Dry. 


Wet. 


Dry. 


Wet. 


< In 
Diy Bulbs. 


In 

Wet Bulbs. 




o 

















June . . . 


675 


59*9 


677 


59*4 




-o*a 


— 05 


July .... 


65*0 


597 


651 


596 




-o*i 


— O'l 


August . . 


692 


634 


694 


631 




-0'2 


— 03 


September 


658 


59*8 


659 


59*5 


1 
1 - 


-o-i 


— 03 


October .. 


52*0 


492 


521 


49' I 




-o-i 




November 


43*5 


41-8 


43-6 


417 




-O'l 


— 01 


December 


41-8 


40-4 


419 


403 




-O'l 


-01 



From the aboye elements we obtain the following yalues for 

n.— THE DEW POINT. 





From Non- 
Aspirated 
Hygrometer. 


From Aspirated 
Hygrometer. 


Difference. 


June tt... 



53*9 
55*3 
589 
549 
464 
39-8 

387 



52-9 

55*1 
582 

543 
46*0 

394 
38-4 




— I'D 
— 0*2 
—07 
— 06 
— 04 
— 04 
— 03 


July 


Auffust 


September 

October 


November 


December . •«..•••• 





By taking individual readings, which give the maxima differences for 
estimating the dew-point, we find a greater aberration than by using the 
monthly means. Thus — 

in.— DIFFERENCE BY ASPIRATION. 





In Dry Bulbs. 


In Wet Bulbs. 


Difference in 
Dew Point. 


June ^ 




CO 

+03 
o-o 

—0-4 

O'O • 

o-o 

+0'2 
4o'2 
+0*2 




— I'D 

—1-3 
—1-8 
— 09 

— 1-2 
— 1*2 
—04 

— 03 
-03 • 




n 

—2-4 

—3-3 

—1-3 

— 2*1 
— 2*2 
— 0-9 
-0-9 

— 0-8 


„ 8 


,f V ••....■•.••* 

„ 21 


July 28 

August 20 


September 4 

October 4 

November 24 

December 26 



DISCUSSION. 



Le Prof. Cantoni dit, qu*il est fach6 de n'avoir pu comprendre tous les d6tail^ 
de la savante communication de Mr. Miller. II crolt pourtout qu*il ne sera ps^ 
inutile de dire aussi: qu*en Italic le Prof. Belli, il y aura plus de vingt ans, et apr^^ 
M. Buretti et lui-m§me, ont fait des exp^nences pour d^montre la grands 
utility d*agiter I'air ^soit par aspiration, soit par soufflement) autour des therm<>« 
metres du psychrometre, afin de rendre comparables entres elles les observations, 
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^orsque m^me elles sent faites par des thermom^tres dont le reseryoir offre des 
/onx^es et des dimenBions assez diff^rentes: au lieu que, sans cela, les psychromdtres 
Peu^vent donner des Taleurs bien divers pour rhumidit6 relative et absolue de Tair. 
^^ pcychromdtre muni d^un ventilateur 4 roue, que Ton a adopts dans presque 
^^^^8 les stations m^t^orologiques de Tltalie, donne promptement, pour des themio- 
m^jbx-^s usuels, des r6sultat8 tout-4-fait semblables 4 ceux donnas, sans mouvement 
^^^^fi^^iel de Tair, par un psjehrom^tre ayant les thermom^tres d'une extreme 
P'^^^Hi.ptitude, avee un reservoir cylindriqne et trSs mence. 

^^^B PRESIDENT remarked that, in the suinmer of 1874, he had seen the 

'"^^^fc.od advocated by Professor Cantoni for aspirating hygrometers in operation 

^ ^l:^e Italian Mountain Meteorological Station at the hospice on the Col di 

^ ^^^obba. This was at an elevation of 8,359 feet above the sea, between Gresso- 

^^ ^3t. Jean and Riva di Alagna, south of the Lyskamm. The fan which set the 

Jj?? ^ixi motion was actuated by clockwork, the motive power being a heavy weight 

^ ^^csh was wound up previous to an observation, and it continued in motion a 

^^^siderable time. The plan appeared eminently suitable, for the bulbs of the 

^^^irtnometers, although cylindrical, were far larger than any used in England for 

^;^^orological purposes. The scales were engraved on the tubes of the instru- 

^?^^Qt8 to tenths of a degree centigrade. The instruments were exposed in a 

^cony on the north side of the building under a louvred chamber, and great 

^^fe was evidently bestowed on the registration of the observations, which were 

^^mprehensive, and made at frequent intervals. 

'^ Mr. Symons said that he believed very strongly in the desirability of aspiration, 

^^ecause he thought it very desirable to substitute a constant current for a variable 

^^ne. He could not understand why an aspirated dry bulb thermometer should 

^^ead higher than an unaspirated one, but he knew that it did. During the 

^trathfield Turgiss Thermometer Experiments he had tried the aspiration 

^::>f a dry tliermometer by drawing air over the bulb, and found that it 

'^Jways read O^'l or 0^*2 higher than an unaspirated one. He had not found any 

"difficulty in using the aspirator in frosty weather, as he employed salt and water. 

^Aspirated thermometers had been used in balloon ascents by Mr. Welch, Mr. 

^llaisher and others ; this is absolutely necessary, as the observations must be so 

^€aken as truly to represent the different layers of air through which the observers 

;^a88ed. [Mr. Symons showed upon the black board the mode by which dry 

aspiration was secured at Strathfield Turgiss.] 

Mr. Whipple said that an artificial element was being introduced into the 

question of hygrometry, and that it would be difficult to know where to stop. In 

comparing two sets of dry and wet bulb thermometers of precisely the same size 

mxkd cons^ction, and (as well as he could judge) having tne flow of water to the 

-yret bulbs the same, there was often a difference between them for which he 

<;oald not account. The greatest difficulty in obtaining concordant observations 

^was experienced near the freezing point. If a current of air of the same velocity 

^a that of the wind blowing at the time could be passed over the bulbs of the 

thermometers, their readings would no doubt be more correct. A fan had been 

Tised at Kew, but it could not be made to work satisfactorily, the draught 

produced by an india-rubber aspirator being far more controllable. 

Dr. Tripe said that, as the rate of evaporation of water from the covering of 
^he wet bulb thermometer must be more rapid when the air passed by it with 
some rapidity than when the air was still and remained near the bulb more or 
less saturated with the moisture from it, some system of aspiration would be 
useful, as it would give more uniform results. Any one can try the effect of 
aspiration by placing a wetted piece of muslin on the back of the hand, and 
noting the greater amount of cold caused by increased evaporation when the 
muslin is aspirated. 

Prof. Wild said that he also had made, at the Central Physical Observatory 
of St. Petersburg, several experiments on the influence of artificial ventilation on 
the indications of the thermometer and hygrometer. In the first experiments 
the hygrometer was unprotected and placed on a rotating machine, and 
read from time to time before and after rapid rotation for three minutes. 
In a room very considerable differences resulted from this process ; but 
in the open air, always in shade, rather smaller ones, and of such a 
nature as to point to radiation as their main cause. On this account, in 
the later experiments one of the ordinary metallic thermometer screens 
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(the new cylindrical pattern) was employed ; the bottom was taken out 
and replaced by a ventilator, which could be set in rapid rotation by a weigbt 
allowed to run down at the side, and thus produced a strong upward current io 
the screen; the two thermometers (dry and wet bulbs) in the screen were read 
as before, immediately before the ventilator was set in motion, and during its 
motion after it had lasted three minutes. These observations were made in the 
winter and summer of 1875, regularly at noon, and the monthly means give tlie 
following results (Jahresbericht 1873-74, p. 38) :— 



1875. 



January . . , • 
February .... 

June 

July 



Temperature. 



Before 
Ventilation. 



-13-55 
-57« 

18-34 
21 87 



After 
Ventilation. 



•13*39 
■ 574 

18*29 
21-82 



Belative Humidity. 



Before 
Ventilation. 



Per cent. 
800 
8r8 

647 
53a 



After 
Ventilation^ 



Per cent. 

797 
8o'4 

62-8 
50*1 



Hence we find, on the one hand, that the mode of screening the thermometers 
which was introduced at the end, has sufficiently obviated the ill effects of 
radiation to enable us to get the true temperature of the air with an accuracy of 
d: 0°'05 C, and, on the other hand, that the protection against radiation afforded 
by it is sufficient to give without ventilation the relative humidity with a limit 
of error not exceeding ± 2 per cent. 

This result is confirmed by the experience of Herr Dohrandt in his observations 
at Nukuss on the Amu Darja with a hygrometer in one of our screens, which, 
when used with our Tables (which are very close to Hegnault*s formula), gave 
the same results as those made with Hegnault's condensing hygrometer. A 
paper on these observations will shortly appear in the *Repertorium fur 
Meteor ologie.* 

Le Prof. Cantoni remercie M. Wild des importantes experiences qu'il vient de 
comrauniquer. Cependant, il observe, que le pyschrom^tre k ventilation rapide, 
adopts en Italic, jouit aussi de la propriety de rendre bien p6tits les effets de la 
radiation sur les thermom^tres, antant qu*on Tobtiendrait en toumant en fironde 
les thermom^tres mSmes; mais au^en outre il amoindri les differences qui seraient 
dues k un defaut de promptitude, par des reservoirs k dimensions un peu trop 
grandes. Toutefois M. Cantoni est bien heureux de voir appellee de toutes partes, 
Tattention des m6t6orologistes sur cette question. 

Capt. ToYNBEE had noticed that the wet bulb readings were sometimes 
higher than the dry in ships* logs, and he was inclined to think that this arose 
from a cooling of the dry, owing to its being exposed to moisture firom spray of 
the sea, the dash of rain on its screen, or fog. 

Mr. Gaster remarked that it was not necessary that the observations should 
be taken at sea in order that the wet bulb should read higher than the dry ; nor 
was it due to the form of screen employed. He could remember distinctly one 
occasion when observations were taken in nearly every kind of screen at an 
inland station, and all the wet bulbs read considerably higher than the dry. 

Mr. Marriott said that in the returns which were sent m to the Society the wet; 
bulb readings were sometimes higher than the dry. This was frequently the 
case at one particular station, where the difference had amounted to as much as 
seven- tenths of a degree. It only occurred in foggy and damp weather, when the dry 
bulb became covered with moisture. He believea that evaporation then took place 
from the bulb of the dry thermometer, which being uncovered, was more sensitive 
than the wet, and consequently read lower. 

Dr. Mann said that he had noticed the wet bulb read higher than the dry when 
a strong very moist wind of high temperature suddenly replaced a cold dry 
atmosphere around the instruments. 
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'. On the Storm which passed over the South of England ^ March 12fA, 
1876. By Robert H. Scott, F.R.S. 

[Oommnnioated April 19th, 1876.] 

CB apology is due for this paper not being preceded by the regular form 

reived on such a day.*' The reason of this is easily explained. The 

t verbal communication made by me to the Society was on March 15th. I 

\ then requested by the Council to prepare a fuller account of the storm, 

i accordingly issued a circular to foreign meteorologists, requesting them 

supply me with any information that they possessed for the period 

question. 

This circular has met with a most ready and ample response, but at the 

« when the paper was formally read, not more than one half of the replies 

1 been received ; and it is only after the^lapse of upwards of two months 

^t I have felt myself in a position to chart the information which has been 

fected. 

-Q this work, and in fact in the whole preparation of the paper, I have 

Q most materially assisted by Mr. Frederic Gaster, to whom almost the 

le of the work is due. 

shall proceed, in the first instance, to trace the very remarkable 
:xomena of weather which preceded the«>disturbance, and shall then treat 
xe storm itself. 

lie general condition of the weather during the few days antecedent to 
csh 8th, may be briefly described in the following manner: — The 
^meter was highest in the south of France, and lowest to the north of 
islands, while well-marked depressions swept from west to east over the 
'« northerly portions of western Europe, causing the barometer to fall 
^w 29 ins. occasionally at the northern stations, and producing westerly 
^ or strong winds as they passed. One of these depressions had just 
■^elled away towards Scandinavia on the 7th, but had scarcely done so 
3re the mercury began to fall with great rapidity in the west of Ireland, 
L the change soon extended to the other parts of the British Isles. 
Che chart for 8 a.m. on the 8th (fig. 1), showed that pressure varied from 
»nt 80*2 ins. in the south-west of France, to 29*1 ins. at Stornoway, in the 
brides. The mercury was then falling rapidly in Ireland, which, accom- 
lied by strong SSW winds and dull wet weather, pointed to the approach 
uiother disturbance from the Atlantic. 

By 8 a.m., on the 9th, the centre of the new disturbance lay off the 
th-east of Scotland, where the barometer had fallen more than an inch, 
was down to 28*1 ins. in Caithness (see fig. 2). The wind had con- 
lently veered to W very generally, after having blown a severe gale on 
>ur west and north-west coasts, and during the day the centre seems to 
B moved somewhat to the SE, causing a further fall of the mercury to 
) ins. on our extreme northern coasts, 
^w bebies. — VOL. m. n 
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Our W*sm>d r-'Coiti wen 




March 6th, 8 a.m. 



The Bubseqnent conrse of the depressioD was erratic, and its motion slow. 
To the S and S£ of its centre, also, there appeared some small secondary 
disturbances, which, while they lessened the force of the winds over the 
northern parts of England and Ireland, caused stiff W gales to be felt in the 
Channel EUid France. 

On the mormng of the 10th pressnre yiw highest orer Spain and the 
Mediterranean. The centre of the storm lay not far from the Moray Firtfa, 
and NW to N winds had set in along the Irish coasts, while (owing to a 
continuance of the secondary depression) W gales were felt in the Bay of 
Biscay. The centre then traveUed E, and at 8 a.m. on the 11th it had 
reached the Skager Back (fig. 4), bat was apparently becoming dissipated 
by the gradoal " filling up " of its centre. Fresh NW breezes blew otot the 
whole of Ireland and England, SW winds in Denmark and Holland, and E in 
the west of Norway. As the day passed on the barometer oontinaed to rise 
generally, and the wind fell lighter until the afternoon, when the first sign of ~ 
the approach of a new storm was given by a slight fall of the barometer at^ 
Valencia, accompanied by a return of the wind to SSW, with dnll, we^A 
weather (fig. 6). Bat these changes were very slight, and even at 9 p.m_, 
(when the wind had again backed to ESE at Valencia) the mercury had no*-* 
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Uanh loth, S ^m. 



Uaroh lltli, S K.m, 



hlSlm more than 0*18 in. at that station, and in the eastern parts of England 
it was still rising. 

The changes, however, nov became rapid, and the next chart which 

we are enabled to draw, viz. for 8 a.m. on March 12th (Gg. 6), shows that 

the centre of the advancing storm had already reached the south -we stem 

eonntiee of England. It will be well to pause here a little and examine this 

chart more carefnlly than those which preceded it. It will be seen that 

the latest depression, which had passed over ns between the 8th and 11th, 

now 1^ over the more sonthem parts of Scandinavia, and that the lowest 

nadinga at present reported in its centre were very little below 26'9 ins., or 

Dot so low by 0-9 in. as those registered on the 9th, when the centre arrived 

off the north-east coast of Scotland. The motion of the new storm, whose 

biatory we are going to trace, was abont E, or much the same as that osaally ' 

&>llowed by secondary distnrbances ronnd a primary occapying the position 

Of that which came in on the 6th. It is a qnestion whether the new storm 

■hoold be considered as secondary to the old one, and in fact it is a point 

^kich requires mnch attention before we can decide what is the precise 

nature of secondary as distingnishad &om primary depressions. At present, 

^wymrer, tb« appearance presented was that of a small bat very deep dis- 
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March Ittb, G p.m. 



Mftioh ISth, 8 & 



tnrbance, advancing to the eaatward along the sonthem Bide of a larger 
bnt shallower distarbauce, and its effect on the gradients ronnd the larger 
depression in the norih <ffill be apparent at once to any one who examines 
carefully the chart for 8 a.m. on the 12th (fig. 6). The gradients for NW winda 
over the North Sea (t. e. in the rear of the larger depression) were not onlj 
materially reduced, hut in the neighbourhood of our Islands they were reversed, 
and gradients for E winds wore eatabhshed, which accordingly set in dnriii^ 
the night. In the Channel and France (t. «. to the soathwerd of the c«itre~^ 
the gradients for W winds had been rendered most serionsly steeper, apd "^4 
gales were rapidly spreading over the region they covered. The lowe^^ 
reading we have reported for this hour was 28-02 ins. at Hurst Castle, vher^«< 

however, the mercury was still falling fast, but it will be seen by the eha 

that there was probably much lower pressure ever Dorset, Ac., which tl ^ 

absence of observations for this hoar prevents oar tracing. At 0^45 p.m. tt^B 
centre was passing to the eastward of London (fig. 7), where the barometi^ 
had reached its lowest point (26-48 ins.), giving an average rate of progre^E ' 
of SO miles an hoar between Valentia and London. SW gales were beiiC^* 
experienced over Susses and Kent, and W gales in the Channel and Fnmc ^^- 
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March 12tb, 6 p.m 



KE gales were felt to the north of London, and NNW winds wero setting in 
tt Eew and orer the weiiteni snborbs of London generally. In Qennanj the 
irind had become generallj S to SE and was freshening, while in Holland a 
ttnHig £ wind was rising, and the barometer falling very fast. At 2 p.m. 
the centre had passed to the east of the mouth of the Thames. Hard NW 
gales were hlowing over our saath-esstem connties, severe W galos in France, 
Ind E gales in Holland. The barometer was rising with great rapidity at 
• an our soiith-eastem stations, bat still falling rapidly in Holland and North 
Qermany. At 6 p.m. the centre lay over Holland (fig. 8). The wind in onr 
Islands had fellen Ught. B breezes were blowing in Denmark and over the 
tforth Sea, bat violent W galea in the sonthem parts of the Netherlands and 
aorth-weet Germany. 

Daring the sncceeding night the depression continued to advance with 
X*apid atrides, and at 8 a.m., on the 18th, its centre had reached the sonth- 
«tBteni portion of the Baltic (fig. 9), where it lay rather to the north of 
Dantzic, the north-west of Eonigsberg, and the west of Memol, giving an 
Average rate of progresB of 87 miles per honr since 1 p.m. on the previons 
day. At all these places the reading of the barometer was almost identical 
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with that which had been noticed- in London as the centra pasBed o'^' 
In fact, the uniformity in the valaes of the misimDm readinge recorded 
TariouB places lying along the track of the storm is very remarkable. 

Accounts of this storm have been pubUshed by M. Ernest Qnetelet in ^ 
BuUetin of the Belgian Academy, Vol. XLI., 2nd Series; by M. C. Sait»* 
Claire -Deville, in the Noavelles M^t^rologiqnes for April 4, 1876 ; and »!- 
by Dr. Nenmayer, in the Annalen der Eydrographie and Maritimen Metco^ 
logie. Hell VI., 1876. In this latter paper the rate of progress of the sto^ 
is given as follows: — 

From the Westward to London 25 miles an honr. 
„ London „ Utrecht 88 „ 

„ Utrecht „ Emden 69 „ 

„ Emden ,, Hambnrg 77 „ 

We cannot now inquire into the subsequent progress of the centre, for tt> 
observations over Russia, unmeroas as they are, are too few for this to ^ 
done with advantage ; but it will be well to notice some of the peculiariti^ 
which were observed locally as the storm— so remarkable for ita severity-— 
advanced towards and spread over us. 
Firstly, with regard to the signs of the approach of the atonns from tt)< 
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itlantic. It will be seen, on referring to the chart for 8 a.m., on the 11th 
ig. 4), when the large depression over the North Sea was moving away, 
lat the barometer was still rising over the whole of our Islands and France, 
oth of which countries were yet under its influence, so that even at our 
iost western stations a N breeze was blowing, without any thing to indicate a 
hange. At 2 p.m. this N wind had died down at Yalentia, very light 
jN£ breezes were felt, and the barometer showed a tendency to iall ; but 
ven at 6 p.m. the £eJ1 was so slight, and the other indications (such as wind 
irection, which was then SW to WSW in Ireland) were so indefinite, that it 
ronld have been impossible to form a correct diagnosis of the coming storm, 
ven at that hour of the evening. By 9 p.m., however, matters were more 
ecided, and the isobar of 29*10 ins. which then lay over the southern 
>arts of Ireland, assumed the form of the front part of a depression advancing 
rom the west, while the wind at Yalentia backed again to ESE with rain. 
I^hese were the only traces observable at that hour, yet only eleven hours 
tad passed before the centre of the storm had actually reached the south- 
western counties of England, and strong SW gales were already blowing in 
he Channel and west of France. From this country, however, to the 
continent, most valuable information might have been conveyed by wire had 
Jie 12th been a week-day instead of a Sunday, but as this was not the case, 
>ar Continental neighbours had but little better chance than we of foreseeing 
he approach of the storm, and appear to have been equally surprised by it. 

So fiEur as the storm itself is concerned, perhaps the most interesting 
ieatures are to be found in the different phenomena experienced in those 
ocalities which lay immediately in or about its track, and to these we will 
low draw attention. In nearly all parts of England a very brilliant lunar 
lalo was seen on the night of the 11th. 

At Yalentia the minimum pressure (28*97 inches) was recorded at midnight, 
Llth, but the centre of the storm passed some distance to the southward of 
hsi position, and the wind consequently backed round from SE to NE and 
jra^W, with about 0*4 in. of rain. At Boche's Point matters were very 
similar. Coming further eastward (and to the southward of the storm's 
track), we find that at Guernsey the night (11-12) was stormy throughout, 
etnd at 9 a.m. a stiff SW gale was still blowing accompanied by heavy rain. 
At Jersey a similar report is made, and the extreme force of the wind (which 
was SW) is given as 10 by Beaufort Scale. At Plymouth a boisterous night 
of wind and rain was experienced, and no less than 0*9 in. of rain fell in 6 
hours. H.M.S, " Opal," which had left Falmouth for Madeira on the llth, 
met a fresh W gale at about 2 a.m. on the 12th, after a rapid fall in the baro- 
meter. At 7 a.m. the force increased to 10, and from 8 to 10 a.m. it blew 
with a force varying from 10 to 11, with violent squalls and a high sea. At 
10 a.m. the wind shifted to NNW and soon lulled, while the barometer rose 
rapidly. Clifton, however, (on the north side of the storm) had a strong NE 
wind, which at 11 a.m. increased to a strong gale, and snow fell from day- 
light to 1 p.m. At Hurst Castle the W gale was very severe, force 10 being 
felt from 10 a.m. to 8 p.m. Cherbourg, add the northern parts of France 
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all had violent W gales ; at Hastings it blew very hard from the SW with 
rain till the .centre passed (1.45 p.m.), and then a NW gale with heavy 
showers was felt for a short time, followed by a general clear np. In short, 
the general effects experienced at a little distance on either side of the track 
of the centre were as follows : — moderate NE gales and heavy snow to the 
north, subsequently backing to N and NNW as the centre passed, and exceed- 
ingly heavy SW to W gales to the south, accompanied by very heavy rains. 
At stations lying near the centre the wind subsequently shifted to NNW, and 
blew violently for a short time, with heavy snow. Perhaps, however, the most 
interesting features were those exhibited in the immediate neighbourhood of 
the centre's track, and as these appear to have been more minutely recorded 
in and around London than elsewhere it will be well to refer to them at some 
length. The centre of the storm appears to have passed directly over London 
at about 0*45 p.m., and so clearly defined were the limits of the NE and SW 
currents that at Bamsbury and other places (about 4 miles north of the 
Thames), ENE winds and snow were felt all the morning, while at Brixton 
and all places a little south of the Thames the wind shifted to SW for a time 
during the morning, accompanied by warm rain; and heavy clouds drove 
with great rapidity from that quarter, while calms or light airs prevailed at the 
earth's surface. Both at Kew and Greenwich similar changes are reported — 
the account from Greenwich stating that at 10 a.m. the wind was E and strong, 
but veered gradually into SE and SW by 11.20 a.m. and fell very light — no 
pressure being recorded by the pressure anemometer until after 11.80 a.m. 
After the centre passed, however, the barometer rose with the most extra- 
ordinary rapidity, and a NNW storm burst suddenly over the neighbourhood, 
with violent gusts and torrents of wet snow. An account of the Eew records will 
be found at page 168. A very little further to the southward (viz. at Croydon) 
squally SW winds and rain prevailed all the morning, subsequently veering to 
W and afterwards to NW, when the gale and snow set in. Still further to 
the southward (viz. at Growborough Beacon, near Tunbridge Wells) heavy 
snow fell during the early morning of the 12th, but at 9 a.m. <' a violent 
gale commenced fr*om SW, and at intervals blew a hurricane, with driving 
rain, snow, and sleet — many trees being blown down.** The violence of the 
NNW wind in the rear of the storm was extreme, but happily of short duration. 
The SS. ' West Biding,* Captain North, was in Calais Harbour all day, and 
after a fresh SE breeze at 8 a.m. the wind lulled to a calm; but at 9.15 a.m. 
it came round to SW and WSW and blew with force 10 (Beaufort Scale), an^ 
violent squalls, till a few minutes before 4 p.m., while a slight lull occurrec 
for 5 minutes, followed by ** tremendous gusts ** of force 11 from NNW 
but no snow. The mail steamer which had started for Dover had to put back 
as she was unable to get across. 

Although a vast mass of information has been received from Continenta 
stations, it is scarcely so minute in its detail as could be wished, so far as th< 
wind force between the hours of observation is concerned ; but as far as cai 
be gathered, the main features of the storm throughout its track wen 
precisely similar to those named above, and it will be seen on referring to fig 
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) a.m. on the Idth, (when the centre lay near Dantzig,) that heavy 
gales were blowing at Dantzig, Eonigsberg, and Memel, while a NE 
IS prevailing at Wisby, with snow. 

oold be impossible within the limits of an ordinary paper to qnote 
details which have been received, bat there still remain a few facts to 
3d which seem of importance. The first is the low value and uniformity 

pressure in the actual centre of the storm throughout its track, and 
traordinary rapidity of the barometric rise as the centre passed off. 
points seem to have struck every one as much as did the suddenness 

shift of wind to NNW, its violence while it lasted, and the complete 
illity of the sky a very few hours afterwards. 

ther noteworthy phenomenon is the marked difference between the 
rature on the N and S sides of the disturbance. On the chart for 8 
2th, it will be seen that over central England the thermometer stood at 
, with a NE wind, while in the Channel and south of England it was as 
a 48^ to 51^. There is, however, a still more striking fact, which shows 
t close contact these two currents must have been ; for at Kew, Brixton 
reenwich, in the short interval during which the southerly wind pre- 
, the thermometer rose to 48^, while just in the north of London no 
ise was recorded, and the cold snowy weather continued until the de- 
3n had travelled far away from our neighbourhood, 
ier these circumstances it will be readily inferred that the cross currents 

were of a most complicated nature ; and the observations on this 
\i made at Pembroke Lodge, Richmond Park, by the Hon. F. A. B. 
11, F.M.S., are so very minute that they may be reproduced here in 

0. 



vations made at Pembroke Lodge, Richmond Park, during the storm of 
March 12th, 1876. 

1 11th, 11 p,m. Barometer about 29*03 ins. 
12th, 7 a.m. Heavy fall of snow, thermometer 84^. 
„ 9 a,m. Barometer 28*50 ins. ; wind fresh from E, with clouds 

from E, and rain ; barometer fisdling fast, thermometer rising 

fast. 
„ 10.80 a.m. Clouds coming fast from WSW, wind still E and 

ESE, gentle. After about an hour or less the wind changed 

to the clouds* direction, viz. WSW and SW. 
„ 11*80 a.m. Clouds and wind SW. Nearly calm. 
„ Noon, Strong SW wind and clouds from SW, with hard rain. 

Thermometer 44°. 
„ 0.20 p.m. Strong SW wind and clouds SW. Barometer 

28*88 ins. 
„ 0.80^.m. Barometer 28*88 ins. At this time the wind changed 

suddenly to NW and NNW, bringing dark masses of cloud 

and London smoke driving at a furious rate from NNW 
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between the earth, where the wind was NNW, and the higher 

nimbuSf which still moved from WSW. 
March 12th, 0.40 p.m. Wind NNW, with clouds driving tremendonslj fast, 

still at right angles to the higher strata, which conld with 

difficulty be occasionally seen for a moment through the breaks. 

About this time a snowstorm of very great severity began, 

and lasted an hour. Thermometer 86^. 
91 ,9 0.50 p.m, Qtde from N. Nimbus above the scud moving 

slowly from SW and WSW. Barometer 28-88 ins. 
„ „ 1 p.m. Gale from NNE ; lower clouds NNW to NNE ; upper 

nearly motionless, if not quite. 
The wind gradually backed to NNW and NW, and the afternoon was fine. 



KEPORT FROM KEW OBSERVATORY. 

FUBNISHED BY G. M. WHIPPLE, B. So. 

'< The storm of March 12th may be said to have first affected the Eew 
self-recording instruments at 0.80 a.m., a period of about 12 hours before it 
reached its culminating point. At this time the barometer began to fall ; 
the wind shifted from WSW to SSW, and the electrometer showed a 
diminution in the positive electricity of the atmosphere. At 1.20 a.m. a 
farther movement of the wind took place, the direction becoming SSE, the 
velocity then began to increase, and the direction to back until 6.80 a.m., 
when it settled in the E. 

"From 4 a.m. there was a steady fall of rain, which lasted without 
intermission until 1.80 p.m. ; with the commencement of the rain the elec- 
tricity became strongly negative, returning again to positive between 6 and 
8 a.m., the temperature curve rose very regularly from sunrise, and was so 
closely followed by the wet bulb curve as to show that the air was nearly 
saturated with moisture. 

" The barometer reached its lowest point (28'455in.) about 12.20 noon, and 
at the same instant the thermometer curves terminated their upward movement 
in a very remarkable abrupt cusp, the temperature falling in 10 minutes from 
48^*5 to 89^-5, and in the 10 miuutes succeeding (Oh. 20m. to Oh. 80m.) from 
89^*5 to 86^*4. Simultaneously with this, the wind, which at noon had 
veered from ENE through S to W, suddenly became N, and its velocity 
increased from 10 miles to 25 miles per hour, and the electrometer curve 
for the time showed an instantaneous change from strong negative to strong 
positive electricity. 

<*The barometer rose rapidly until 4 p.m; at an average rate of about 
•005in. per minute, the wind continued to blow strongly from the NNW, and 
steady rain fell from 2.80 p.m. accompanied by a diminution of positive 
electricity. 

** After 4 p.m. the rain ceased, the temperature became stationary at about 
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85°, Rod the ■wind gradnally backed to W, the Telocity dimimahing to 10 
nules per hour; the barometric movement continued to be upward, but at a 
coDBiderably reduced rate, and the electrometer onrve indicated iDcrea§iDg 
positive tension until 6 p.m., when all the inBtmmenta resomed their normal 
eonditiona, showing the inflaence of the storm to have completely paBsed off. 
" The unount of rain r^iatersd during the transit of the storm was 
0-776 in." 




CiUTM of the lleteoiologioal Klementi Begiatered at the Eew Obeervatoiy, Uaicb 12tb, 



Fig. 10 shows the oounia of the curves for Pressure Temperature (Dry and 
"Wet Bnlb), Bain, Wind (Direction and Velocity) and Atmospheric Electricity. 

This is, as far u I know, the first occasion that an Electrogram from 
Thomson's electrometer has been reproduced in connection with other au- 
tomatic records. It will strike every one that the general accordance, in 
their respective courses, of the electrogram and the direction of the wind is 
most remarkable, the electricity changing from positive to negative as the 
wind backed, and returning towards positive as it veered. 
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KEW OBSERVATOEY. 
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From these data (which agree remarkably wdl with what was observed in 
Brixton a little later on) it appears that over the soath-west of London the 
8W wind showed itself first in what is ordinarily known as the lower stratum 
of clonds, and snbseqaeotly extended downwards to the snrjbce of the earth ; 
while the violent NNW and N currents in the rear of the storm appeared 
first as surface currents (at 0.80 p.m.), with very low driving scud, but did 
not extend to the higher strata till much later. It would be worse than use- 
less to attempt to form any theory on the discussion of the phenomena pre- 
sented by a single depression, and that a depression showiug many exceptional 
characteiistics. In some ways the disturbance appears to have conformed to 
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the ordinary moyements of the shallow '* satellite " depressions which appear 
round most of the larger disturbances which cross our area, while its magnitude 
&nd severity claim for it a higher place in the category than that of a 
" secondary *' disturbance, but it may be safely asserted that it must be useful 
to consider, as we have now done, the main features of a gale so thoroughly 
well marked in its details, even at the risk of being a little tedious to those who 
look for immediate results. It is highly important that many such gales should 
be carefully followed out, and a very strong effort be made to detect the condi- 
tions under which such disturbances appear. So flEur from too many storms 
being discussed, it seems that not nearly enough has been hitherto done in 
Ihis direction. It must be evident to those who consider the matter carefully 
^bat it is in this direction we must look for such a devolopment of our 
kiowledge of the laws of storms, as shall enable us to issue more valuable 
storm warnings to our coasts. We have already pointed out that ample 
"^^aming might have been telegraphed from England to Germany and the 
other countries lying to the east of the North Sea, and this is true of most 
^ales, but the serious question for us in the British Isles is *' Who is to 
^vram us?'* We can get no information from the Atlantic, and it is there- 
lore with increased earnestness that we must look forward to gaining better 
knowledge of the causes of such storms, in order to give us the information 
"which our geographical position denies us. 

The information contained in the replies received to the circular already 
mentioned is so copious that it would not be possible to reproduce it here, 
"but the observations have been reduced to English measures and tabulated, 
.and the sheets will be deposited in the Society's Library. The following is 
a Ibt of the gentlemen, in addition to the observers in connection with the 
Meteorological Office, who have kindly furnished information fox the fore- 
going investigation : — 

Bbitish and Ibish Gontsibutobs. 



♦Audley End 
fBeckenham 

Brixton 
*Calcethorpe (Louth) 

Cambridge Observatory 
f Camden Town 
♦Cardiff 
^Carmarthen 

Chatham 

Chigwell Row 

Clifton 

Cooper's Hill (C.E. College) 

Crowborough Beacon (Sussex) 



J. Bryan. 

P. Bicknell, F.M.S. 

F. Gaster, F.M.S. 
D. G. Briggs, F.M.S. 
H. Todd. 

G. J. Symons, F.M.S. 
W. Adams. 

G. J. Hoarder, M.D. 

Capt. Fellowes, B.E. 

J. Campbell, M.D. 

G. F. Burder, M.D., F.M.S. 

H. McLeod, F.C.S. 

C. L. Prince, F.R.A.S., F.M.S. 



* The information from these Stations was supplied by the Meteorologioal Society, 
t The information from these Stations was supplied by Mr. G. J. SymonB, F.M.S. 
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British and Ibish Contbibutobs. — Continued 

J. W. Moore, M.D. 



Dublin 

Durham Univeruty Observatory 

Folkestone 
♦Forest Hill 
fFramfield (Sussex) 
f Geldeston (Beccles) 

Glenalmond 

Greenwich Observatory 

Guernsey 

Hastings 

Helston 

♦Hereford 

t „ 
Hull 

Jersey 

Eillingholm 

Leicester (Town Museum) 
♦Llandudno 

Lutterworth (Ashby Parva) 

Maida Vale (London) 

Markree Castle (Sligo) ' 
♦Marlborough 

Nottingham 
fNotting HiU 

« Opal ' H.M.S. (Plymouth) 

Oscott (St. Mary's) 

Oxford 
♦Bamsgate 

Bichmond Park 

Bosenallis (Ireland) 

Bugby 

Seaham 

Shetland (Bressay Sound) 

snioth 

Southport 
♦Strathfield Turgiss 
♦Teignmouth 
♦t Watford 

' West Biding * (in Calais Harbour) 

Winchester 



G. A. Goldney. 

Rev. C. J. Taylor. 

E. E. Glyde, F.M.8. 

Capt. T. G. Drake, R.N. 

E. T. Dowson. 

Bev. W. P. Robinson. 

W. Ellis, F.BJL.S., F.M.8. 

B. E. Hoskins, M.D., F.B.S., 
F.M,S. 

A. E. Murray, F.M.S. 

M. P. Moyle, F.B.C.S. 

T. A. Chapman, MJ>. 

E. J. Isbell. 

W. P. Mackay, M.D. 

J. C. Vibert, MA. 

Bev. J. Byron, M.A., F.M.S. 

W. J. Harrison, F.G.S. 
J. Nicol, M.D., F.M.S. 

Bev. W. C. Ley, M.A., FJM.S. 

E. J. Marks, F.M.S. 

A. Doberck. 

Bev. T. A. Preston, M.A., F.MT 
E. J. Lowe, F.RS., F.M.S. 
A. North, F.M.S. 
J. K. Laughton, F.B.A,S., F.MT 

Bev. S. Whitty, S.J. 

Bev. B. Main, M.A., F.B.S. 

Bev. T. H. Quelch, O.S.B. 

Hon. F. A. B. Bussell, F.M.S. 

J. Conroy, F.M.S. 

T. N. Hutchinson, M.A. 

G. H. Aird. 

Capt. D. Gray. 

Bev. F. Bedford, F.B.S,E., F.M. 

J. Baxendell, F.B.A.S. 

Bev. C. H. Griffith, F.M.S. 

G. W. Ormerod, M.A., F.M.S. 

J. Hopkinson, F.M. 8. 

Capt. North. 

Bev. G. Bichardson, M.A. 



_S 



_s 



* The information from these Stations was supplied by the Meteorological Society, 
t The information from these Stations was supplied by Mr. G. J. Symons, F.M.S. 
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FOSEION CONTRIBUTOBS. 

Paris U. J. LeVerrier. 

„ C. Sainte-Glaire-Deville. 

St. Petersburg Dr. Wild 

Austria Dr. G. Jelinek. 

Holland Dr. Buys Ballot. 

Copenhagen Gapt. N. Hoffineyer, 

Hamburg Dr. Neumayer. 

Heligoland Dr. Friedrichs. 

Emden Dr. Prestel. 

Leipzig Dr. Bruhns. 

Strasburg Dr. Winnecke. 



DISCUSSION. 

The President remarked that on the evening of the 11th of March a brilliant 
lunar halo was visible for several hours in the neighbourhood of London, in uni- 
form cirro-stratus, having the appearance of ground glass. He had observed 
Beveral features of the storm at Croydon, an account of which might prove 
interesting to the Meeting. At daybreak on the 12th a moderate gale was 
blowing slightly south of east, with snow and sleet, the clouds moving quickly 
from that quarter ; and the temperature of the air was 33°. About 10.25 a.m. 
the sleet was succeeded by thin rain, the sky became lighter, the distance clear, 
and the clouds broken towards the southern horizon, where shortly after it was 
apparent, from the direction of the scud, that a gale of wind was prevailing from 
the west. Meanwhile the surface current, the clouds in the zenith, and to the 
north, all came from the east. By degrees the westerly wind crept northward, 
and' in the course of ten minutes the phenomenon was presented of a sky entirely 
covered with cirro-stratus and low scud, drifting rapialy from the west, while a 
steady surface breeze was blowing from the east ; and the sound of church bells 
in the distant west rose and fell fitfully with great distinctness. This was ter- 
minated about 10.45 a.m., when a column of smoke, which up to the instant had 
been borne along at a rate estimated at ten miles an hour from the east, was 
taken aback by a blast of wind from the opposite direction. The air became soft 
and balmy, the temperature rose rapidly, and in a few moments there was a heavy 
gale from the west, and occasional gleams of sunshine and showers. The reading 
of the barometer reached its lowest point (28*45 inches reduced to 32° and sea 
level) at 12.30 p.m. Ten minutes later the sky grew very gloomy in the north, 
the wind moderated and veered to NNi<2, bringing with it first a considerable 
amount of London smoke, and then a heavy snow-storm. The wind soon in- 
creased greatly in force, the barometer rose rapidly, and the temperature fell 
from 48° to 32°'5. It was worthy of remark that on this occasion the change in 
the direction of the wind first appeared in the surface current, which, as the 
storm moderated, gradually backed to WNW by 6.15 p.m., when a few broken 
remains of cirro-strati moving from the north were the sole lingering traces of 
the disturbance. 

Mr. BuDD said on that day, being at Brighton, he watched the storm from the 
end of the pier. The violence of the gale was very great, and tremendous 
"Waves rolled in parallel with the shore. At about 1.30 p.m. the wind was still 
from SW, and blowing with unabated force, but he observed the clouds at the 
Same time drifting rapidly from the NW. In ten or fifteen minutes afterwards 
the surface wind suddenly shifted to the latter quarter, accompanied with a con- 
siderable fall of temperature. The effect was very striking; for the crests of 
the waves were caught along their length and the spray driven off like wreaths 
of snow. As the wmd soon veered further north, tne waves were held back, as 
it were, and the sea being quite muddy, the appearance was that of a series of 
Band hummocks. Another point was the rapidity with which the sea went down, 
although it did considerable damage when at its height. 
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Mr. Laugiiton said he had received a letter from an officer of the 'Opal,* the ^J 

corvette which had to put back into Fl^Tnouth on account of the damage she bus- — s 

tained. His corrcKpondcnt described the gale as at its height between 9 and lOanL, « . J 

during wliich time the ship was lying to, — the wind at NNW, of force 11. The ^i 

barometer, which had fallen comparatively gradually to 28*80 in., rose by noon to o: 

29'26 in., that is through 46-lOOths, the thermometer at the same time falling 8°, «^ 

from 62^ to 44°. 

Mr. Harris said that the following were his notes on the weather preyailing 'S 

at Worthing on March 12th : — After midnight wind veered to SE, and by 2 S 

a.m. the barometer had fallen 0*175 in.; between 3 and 5 a.m. heaw and b 

ordinary rain from SE. About 8 a.m. wind veered SW and W, gradually in- — 

creasinp in force. By 9 a.m. the mercury had fallen 0*533 in. since 2 aon., and Mj 

0*706 smce 9 p.m. of yesterday. The force of the wind at 10.30 a.m. was at a ^B 

steady rate, equal to 3G miles per hour. The sea now commenced to run yeiy "^ 

high (there being yet at least two hours before " high water" would be reached); ; 

wind increasing in force from W and WSW ; before 12 noon the waves were ^ 

over the beach and parade, and on to the sea road. Up to 1 pjn. the wind f 

continued blowing with great force, sea running very high and breaking quite on m 

the shore, the mercury still falling, reaching its lowest point, 28*422 in., at 1.30 d 

p.m. Shortly before 2 p.m. wind suddenly veered WNW, and at 2 pjn. it was « 

NW, being very strong and squally : there was a sharp fall of snow and sleet - 

at tins time. 1 he barometer now rose very quickly : in one hour the mercoiy ' 

had risen 0*260 in., and at 4.30 p.m. it had risen 0*607 in. in three hours. From -^ 

2.30 p.m. till 5 p.m. it blew with great violence from NW and NNW, but by tiie • 

evening it had backed again to WNW and W. From 10.30 ajn. to 2.30 p.m. 
the anemometer recorded 273*3 miles of wind, being equivalent to a rate of about ^ 

45*5 miles per hour. At the time of observing at 2.30 p.m. the rate was equal 
to 24 miles per hour. 

Mr. Ellis exiiibited a diagram showing for the 12 hours, from 6 a.m. to ' 

6 p.m. on March 12th, the variations of pressure, temperature, and direction and j 

yelocity of the wind, taken from the photographic and other self-registered ^ 

records of the Royal Observator}'^, Greenwich. He said that at noon of the pre- ^ 

ceding day, March 11, the wind was W, and so remained till 7 p.m.; during the ^ 

next 13 hours it backed gradually by S to E, reaching the latter point by 8 ajn. ' 

March 12th. At this time the barometer was low and steadily falling, the tempera- ' 

ture being 33°. Between 8 and 11 a.m., the barometer still falling, the wind shifted ' 

a little to the S of E. and the temperature began to rise considerably. Between ^ 

11.15 and 11.35 a.m. the wind gradually shifted from SE to SW, remaining about ^ 

SW till 0.40 p.m. ; this SW wind was accompanied by an increased rise of tern- ' 

perature, which reached its maximum of 46° soon after noon. And now occurred , 

the striking circumstance of the day. At about 0.40 p.m. the wind changed ^ 

suddenly from WSW to NNE ; this was followed by an almost immediate return 
to WSW, with a final change to N ; the first change from WSW to the final : 

change to N occupying about 10 minutes, or from 0.40 to 0.50 p.m. The £dl of 
the barometer haa been going on uniformly to this time, the reading reacbinff a 
minimum of 2826 in.^ at 0*45 p.m., but the fall was now suddenly checked, and a 
sharp rise set in, the temperature beginning rapidly to decline. These simulta- 
neous changes of wind to N, increase of pressure and decrease of temperature, were 
yery strongly marked. Between 0.50 and 1 .20 p.m., the temperature fell, according 
to the photographic register, nearly 10^ ; at 2 p.m. it had descended to 34% at which 
point nearly it remained during the rest of the day. The succeeding barometric 
change was also remarkable; between 2 and 3 p.m. the reading increased 
0*26 in. ; at 4 p.m. it had reached 28*78 in., having aitogetlier increased 0*52 in. 
in 3h. 15m. or since 0.45 p.m. Afterwards the increase was more gradual. The 
wind continued N till 4 p.m., but between 4 and 6 pjn. it backed gradually from 
N to W, remaining W nearly during the rest of the day. As regards violence of 
the wind, the pressure was considerable between 8.30 and 10 ajn., and asain 
after 11 a.m. ; in the sudden change of wind occurring at 0*45 p.m. there was less 
violence, but at 1.30 p.m. the pressure again increased, and between 2 and 3 pjn. 
pressures var}ang from 10 lbs. to 25 lbs. on the square foot were eight times re- 
corded ; after 3 p.m. the wind began steadily to decrease in violence. Althongh 

* Corrected for temperature, Imt not reduced to sea level ; altitude of cistem 159 feet. 
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^ ordinaxy movements of the shallow '* satellite *' depressions which appear 
^^=X3id most of the larger disturbances which cross oar area, while its magnitude 
^^ severity claim for it a higher place in the category than that of a 
Secondary ** disturbance, but it may be safely asserted that it must be useful 
^ consider, as we have now done, the main features of a gale so thoroughly 
^11 znarked in its details, even at the risk of being a little tedious to those who 
>ok for immediate results. It is highly important that many such gales should 
e carefully followe4 out, and a very strong effort be made to detect the condi- 
Lons under which such disturbances appear. So flEur from too many storms 
eing discussed, it seems that not nearly enough has been hitherto done in 
bis direction. It must be evident to those who consider the matter carefully 
bat it is in this direction we must look for such a devolopment of our 
jiowledge of the laws of storms, as shall enable us to issue more valuable 
torm warnings to our coasts. We have already pointed out that ample 
vaming might have been telegraphed from England to Germany and the 
>iher countries lying to the east of the North Sea, and this is true of most 
;aies, but the serious question for us in the British Isles is ** Who is to 
^am OS?*' We can get no information from the Atlantic, and it is there- 
fore with increased earnestness that we must look forward to gaining better 
knowledge of the causes of such storms, in order to give us the information 
which our geographical position denies us. 

The information contained in the replies received to the circular already 
mentioned is so copious that it would not be possible to reproduce it here, 
but the observations have been reduced to English measures and tabulated, 
and the sheets will be deposited in the Society's Library. The following is 
B list of the gentlemen, in addition to the observers in connection with the 
Meteorological Office, who have kindly furnished information for the fore- 
going investigation : — 

Bbitish and Ibish Gontsibutobs, 



^Audley End 
^Beckenham 

Brixton 
♦Calcethorpe (Louth) 

Cambridge Observatory 
f Camden Town 
♦Cardiff 
* Carmarthen 

Chatham 

Chigwell Row 

Clifton 

Cooper's HiU (C.E. CoUege) 

Crowborough Beacon (Sussex) 



J. Bryan. 

P. Bicknell, F.M.S. 

F, Gaster, F.M.S. 
D. G. Briggs, F.M.S. 
H. Todd. 

G. J. Symons, F.M.S. 
W. Adams. 

G. J. Hearder, M.D. 

Capt. Fellowes, B.E. 

J. Campbell, M.D. 

G. F. Burder, M.D., F.M.S. 

H. McLeod, F.C.S. 

C. L. Prince, F.R.A.S., F.M.S. 



* The information from these Stations was supplied by the Meteorologioal Society, 
t The information from these Stations was supplied by Mr. G. J. Symons, F.M.S. 
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April 19th, 1876. 

r Ordinary Meeting. 

Henbt Storks Eaton, M.A., President, in the Chair. 

Thoicas Hope Green Berret, Assoc. InstCE., New Town Hall, Man- 

sster; 

Barry George Bolam, Little Ingestre, Stafford; 

FoHN Brayender, F.G.S., The Firs, Cirencester; 

FoHN Holden, 64 Cross Street, Manchester; 

jBORoe Albert Hutchins, M. Inst.C.£., 3 Guildhidl Sqoare, Carmarthen ; 

Prederick Jackson, 18 Low Pavement, Nottingham ; 

Thomas Louis Johnson, Assoc. InstC.E., Cardiff ; 

Baldwin Latham, M.Inst.C.E., 7 Westminster Chambers, S.W. ; 

^^XEXANDER GoRDON McBeath, School Road, Sale, Cheshire; 

William Robert Maguire, Marino Lodge, Killiney, Dublin; 

Arthur Spence Moss, 94 St. George's Street, E.; 

Z^HAHLES Pink, Winchester; 

John Robebts Rogebs, 4 Cuba Terrace, Hargrave Park Road, Upper 

)lloway, N.; 

Ebenezer Toller, M.D., Coun^ Asylum, Wotton, Gloucestershire; 

3am Tomlinson, Rose Cottage, Morton, near Binglej; 

William Andrew McIntosh Yalon, Gas Works, Ramsgate; 

Herbert Walker, Public Offices, Basford; and 

William Edward Woolley, Loughborough, 

re balloted for and duly elected Fellows of the Society. 

The names of Twelve Candidates for admission into the Society were read. 

The following papers were then read :— 

''Velocity of the Wind at Liverpool: Tabulation of Anemometric records." 
- W. W. RUNDELL, F.M.S. (p. 141.) 

'"^ On the Aspiration of the Dry and Wet Bulb Thermometers." By Samuel 
Miller, F.R.A.S. (p. 150.) 

^* On the Storm which passed over the South of England on March 12th, 1876." 
" RoBEBT H. Scott, F.R.S. (p. 159.) 

3[lie Meeting was then adjourned. 
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Donations received fbom April 1st to June SOth, 1876. 



Presented by SooietieSy Institattons, &e« 



BrnsselB 


Aoad<Hnie Boyale 

If 


Copenhagen .. 


Observatoire Boyal 

Danske Meteorologiske 
Institat . • • 


Cracow 


E. K. Stemwarte 


Dublin 

Fiame 


Boyal Dublin Society. . . . 
I. B. Accademia di Marina 


Hamburg • • • . 


Deutsche Seewarte 


London 


Army Medical Department 
General Register Office . . 



ft 



fl 



London Institution .... 
Meteorological Office .... 



If 



II 



II 



II 



II 



II 



II 



II 



Madrid 



Boyal Society 

Science and Art Depart- 
ment 

War Office 

Obsenratorio 

II •#••• 

II • • • • 



AnnoaireB, 1875 and 1876. 

Bulietina, Tomes XXXYIL-XIi., 1874- 
1876. 

Annales, March to May. 

Bulletin M6ttoologiqiie da Nard, Manii 
Ist to May Slat. 
By Captain N. Boffmeyer, Director. 

Meteorologische Beobaohiongen, March 
and ApriL 
By Dr. F. Karlinski, Diieotor. 

Journal, Nos. 1, 2, 6-40. 

Meteoroiogioal ObserrmtionB, Febmaxy to 
ApriL 

Wetterberioht, January, Febroaiy, April to 
June. 
By Dr. 0. Neimiayer, Director. 

Beport for the year 1874, Vol. XVI. 

Weekly Betum of Births and Deaths, No«. 
18-19, 21-25. 

Quarterly Betum of Marriages, Birtha and 
Deaths, March 31st. 
By the Begistrar-General. 

Journal, Nos. 27 and 28. 

Daily Weather Beports and Charts. 

Hourly Beadings from the Self-Becording 
Instruments at the Seven Observatories 
in connection witii the Meteorologioal 
Office, August to October, 1875. 

On the Phyucal Geography of the part of 
the Atlantic which lies between 20° N 
and 10° S, and extends from 10° to 40° 
W. By Captain Toynbee, FJR.A.S. 

Journal of the Boyal Dublin Society, Nos. 
41, 44. 

H. E. Hamberg. Om Nattfrostema i 
Sverige. Aren 1871, 1872. 1873. 
By the Meteorological Committee. 

Proceedings, Vol. xxiv., Nos. 167-169. 

The Classed Catalogue of the Educational 
Division of the South Kensington Mu- 
seum. Ninth Edition. 

Observations made at the Magnetical and 
Meteorological Observatozy at the Cape 
of Good Hope, Vol. IL Meteorological 
Observations, 1841 to 1846. 

Anuario, 1871 and 1872. 

Observaciones Meteorol6gica8 efeetuadas 
en el Observatorio de Madrid, December 
1, 1868, to November 30, 1870. 

Besfimen de las Observaciones Meteor616- 
gicas efeetuadas en la Peninsula, Decem- 
ber 1, 1868, to November 30, 1870. 
By A. Aguilar, Director. 
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-dboorongh .. 



loalieri • • . • 



r^ord. 



nsland 

e 

ey ... 

onto ... 
olit ... 



^^wd 



Marlborough Ck>llege Na- 
tural History Society . 



Osserratorio del B. Col- 
legio Carlo Alberto .... 



f» 



«i 



Badoliffe Observatory. • . . 



Observatoire do Mont- 



souns 

Obserratoire National . . 

Sooi6t6 M6t4orologiqae de 

France 

General Begistry Office . . 



Osservatorio del Collegio 

Bomano. 
Government Observatory 



Education Office 

Observatoire de 1' Uni- 
versity 



Eoninklijk Nederlandsch 
MeteorologiBoh Instituut 

E. E. Gentralanstalt fur 
Meteorologie und Erd- 
magnetismus 

Oesterreicbische Gesell- 
schaft fiir Meteorologie 

War Department 



fi 



If 



Natural History Society. . 



i> 



)> 



Twenty-second Half-yearly Beport, Christ- 
mas 1875. 
By the Bev. T. A. Preston, M.A., 
President. 
Bullettino Meteorologico, Vol. YU., Nos. 

8 and 9, Vol. X., Nos. 2 and 3. 
Osservazioni Meteorologiche, Anno Y., 
Nos. 9-18. 
By Padre F. Denza, Director. 
On the Bainfall for 26 years (1851-1875) aa 
observed at the Badoliffe Observatory, 
Oxford. By the Bev. B. Main, F.B.S., 
BaddifFe Observer. 
Bulletin Mensuel, Nos. 61-53. 

By M. H. Mari6-Davy, Director. 
Bulletin International. 

By M. U. J. Le Verrier, Director. 
Nouvelles M6t^rologiques, March to June. 

Fifteenth Annual Beport from the 
Begistrar-General on Vital Statistics. 
By H. Jordan, Begistrar-General. 
Bullettino Meteorologico, March to May. 

By Padre A. Secchi, Director. 
Meteorological Observations, October and 
November 1875. 
By H. C. Bussell, B.A., F.B.A.S., 
Government Astronomer. 
Journal of Education, March to May. 
Bulletin M^t^orologique Mensuel, October 
to December, 1875. 
By Dr. H. H. Hildebrandsson, Di- 
rector. 
Nederlandsch Meteorologisch Jaarboekvoor 
1871, Part ii. 
By Dr. C. H. D. Buys Ballot, Director. 
Beobachtungen, February to April. 
By Dr. C. Jelinek, Director. 

Zeitsohrift, Band XI., Nos. 7-12. 



Service, U.S. 
Probabilities 
1873. 
March and 



Daily Bulletin of the Signal 

Army, with the Synopses, 

and Facts, April and June, 
Monthly Weather Beview, 

April. 

By Brigadier-Gen. A. J. Myer, Chief 
Signal Officer. 
Transactions, Vol. L, Parts 3 
List of Members, Laws and 

the Library, June 1876. 



and 4. 
Catalogue of 



Presented by Individuals. 



^^^Mridge,E.G 

Ajrmit, Lieut. B. H. ...... 

,, ...... 

Armstrong, H. E 



The Climate of Eastern and South- Western England, 
Chapter IV. The Inferior Extremes of Temperature. 
By E. G. Aldridge. Letters to the * Torquay Directory.* 

The Temperature of Torquay; by E. G. Aldridge and E. 
Vivian. Letters to the * Torquay Directory.' 

Light as a Motive Power. By Lieut. B. H. Armit. 2 Vols. 

The Science of Meteorology, Nos. 6, 7 and 8. Letters to the 
• Hour.» ^ 

B^rt of the Medical Officer of Health on the Sanitary 
Condition of Newcastle-upon-Tyne, with Tabular Betums 
and Diagrams of Mortali^ during the year 1875. 
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Blasius, Prof. W. 



Blomefield, Bev. L., M.A. 



Branlt, L 

lylirCi &!• Am •• •••••••• •••• 

Cotard, C 

Curtis, J ••..• 

Denning, W.F 

»» •• 

ff ••••••••• 

Dunlop, W. H. 

Dyason, J. S 

Forbes, A 

Galloway, W 

Grapa, Fr. G. da 

Hankinson, B. C 

Higgs, Bev. W., LL.D. . . 

Hinrichs, Dr. G 

Hopkinson, John, F.G.S. . . 
«i II • • 

»t f» • • 

Hoskins, S.E.,M.D ,F.B.S. 

Jelinek, Dr. C 

Earlinski, Dr. F 

Luvini, G '. 

»» ••••••••• 

McGregor, W 

Marohand, E 

»> 

Miller, S. H., F.B.A.S. . . 

Quetelet, E 

Bagona, Prof. D 



Storms : their Nature, Classification and Laws. With the 

meaus of predicting them by their embodiments, the 

Clouds. By William Blasius. 
Besults of Meteorological Observations made at the Bath 

Boyal Literaiy and Scientific Institution during ten 

years, commencing with March 1866, and ending with 

February 1875. By the Bey. Leonid Blomefield, M.A^ 

President. 
M6moire de M^tdorologie Nautique lu an Congrds Inter- 
national de G^ographie ; par L. BrauU. 
The Weather at Harbour Grace, Newfoundland, during 

March to May. (MS.) 
Chemin de Fer Central-Asiatique. Communication faite k la 

Soci6t6 de C^grapbie, 20 D6cembre 1875, par C. Cotard. 
Meteorological Memoranda for Manchester for the week 

ending April 6th. 
Winter of 1875-6 at Bristol By W. F. Denning. 
Badiant Points of Shooting Stars. By William F. Denning. 
Observed Courses of 71 Bright Shooting Stars seen at 

Bristol from November 1872 to BCarch 1876. ^William 

F. Denning. 
Besults of Meteorological Observations made at AnniiTiViill, 

Kilmarnock, Ayr, March and April. 
The Sailor's Horn Book for the Law of Storms. By Henry 

Piddington. Third Edition. 
Meteorological Summary, Culloden, March to May. (MS.) 
On the Influence of Coal Dust in Colliery Explosions. By 

W. Galloway. 
M6moire sur Torigine et la cause de r6chau£Fement des eaux 

du Gulf- Stream, par Francisco Calheiros da GraQa. Tra- 
duction par M. Desire Mouren. 
Summary of Meteorological Observations taken at Bed 

Lodge, Southampton, March to May. (MS.) 
The Telegraphic Journal and Electrical Beview, Nos. 76-81. 
Iowa Weather Beview, Nos. 4 and 5, February and April. 
Periodical Natural Phenomena. By J. Hopkinson. 
Reports of the Field Meetings of tiie Watford Natural 

History Society in 1875. By J. Hopldnson. 
The Rainfall in 1875 in the neighbourhood of Watford. By 

J. Hopkinson. 
Meteorological Observations taken at Guernsey, March to 

May. 
Ueber die Constanten der Aneroide und iiber Aneroide mit 

Hohenscalen. Yon Dr. C. Jelinek. 
Ueber die periodischen Aenderungen der Lufttemperatur 

in Erakau, vom Prof. Karlinski. 
Presentazione di un Modello di Dieterioscopio ad use delle 

Scnole di Fisica e di Geodesia. Descrizione ed Applica- 

zione del Medesimo. Third Communication by Giovanni 

Luvini. 
Le Di6th6roscope. Troisidme commimication par Prof. Jean 

Luvini. 
Protection of Life and Property from Lightning during 

Thunderstorms. Written and compiled by W. McGregor. 

(Second Edition.) 
Climatologie de la Yille de F6camp ou B6sum6 G^n^al des 

Observations M6t^rologiques faites en cette ville pendant 

les ann^es 1863 k 1872, par Eugene Marchand. 
Etude sur la Force Chimique contenue dans la lumi^re da 

Soleil, la mesure de sa puissance et la determination dea 

climate qu'elle caract6rise ; par Eugene Marchand. 
The Fenland and Eastern Counties Meteorological Ciroolar 

and Weather Beport, April to June. 
La TempSte du 12 Mars, 1876 ; commimication par M. Em 

Quetelet. 
Andamento Annuale della Temperatura. Memoria del Prof. 

Domenico Bagona. 
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SAmie>CUdre-DeTille, C. . 



It 



»f 



tt 



SAwyBi, F. E. • 

Sohiiok, Capt. A 



t* 



BUyer, S. W. 
BjmoDBt G. J. 



•••••• 



Snr la p6riodicit6 des grands moaYements de Tatmosphdre ; 
par M. Ch. Sainte-Claire-Deville. 

Bapport BUT le projet d'on obseryatoire an sommet da Pio 
da Midi da sommet de Bigorre, soamis A TAoad^mie par 
M. le g(&6ral de Nansoaty, aa nom de la Soci6t6 Bamond ; 
par M. Ch. Sainte-Glaire-Deyille. 
. . Sar les methodes en M6t6orologie, par M. Ch. Sainte-Claire- 
Deville. 

Sar les yariations oa in6galitte p6riodiqae8 de la tempera- 
tare. Periode dayingtidme joar dod6caple. Notes 10 
et 11. Par M. Ch. Sainte-Claire-Deyille. 

The Meteorology of Sassex. By F. £. Sawyer. 

VerzeiohnisB der Vorlesangen, welche am Hamborgisohen 
Akademisohen xmd Beal-Gymnasiam yon Ostem 1876 
bis Ostem 1877 gehalten werden sollen. Heraasgegeben 
yon Dr. Q. M. Bedslob. 

Die Floss- and Bodenwasser Hambom. Chemisohe Beitrage 
zar Analyse gewohnlioher Laaf- Ntitz- xmd Trinkwasser 
sowie za der Frage der Wasseryersorgang grosser Stadte 
yon sanitarem xmd gewerbliohem Sta^adpankte. Von Dr. 
F. Wihel. 

The Colonies, Nos. 208-216. 

Symons's British Bainfall, 1875. 

Symons*s Monthly Meteorological Magazine, April to Jane. 

Abstract of Meteorcdogical Obseryations taken by the Bey. 
A. Beyerly, LL.D., at the Grammar School, Aberdeen, 
daring 1867. 

Brighton Bainfall. By F. E. Sawyer. 

Effects of the Droaght of 1870 on some of the Experi- 
mental Crops at Bothamsted. By J. B. Lawes, F.B.8., 
and J. H. Gilbert, Ph. D., F.B.S. 

Meteorological Obseryations made at the Obseryatory of 
Hamburg, Janaary 1853 to October 1856. By M. 
Biimker. 

Monthly Statement of Bain in the year 1874 at the Stations 
on the Manchester, Sheffield and Lincolnshire Bailway. 

On the Bainfidl of Barbados. By Goyemor B. W. Bawson. 

Oatline Lanar Map, with Catalogae of 99 Objects; the 
whole deduced from Photograms, Obseryations and 
Measarement. By W. B. Birt, F.B.A.S. 

Sea-Air and Heart Disease. By Alfred Hayiland. 

Sammary of Bain and Melted Snow for the Sammer and 
Aatamn qaarters of 1871, from Obseryations at 74 
Stations in Canada, compiled at the Magnetic Obser- 
yatory, Toronto. 
Temperatare at Yentnor, Helston and Greenwich. Annual 

Maxima and Minima, 1848-72. By R. G. Aldridge. 
The Bainfall of 1873 in the County of Hereford. By the 

Bey. Nash Stephenson. 
Whirlwinds and Dust- Storms of India. An Inyestigation 
into l^e Law of Wind and Beyolying Storms at Sea. By 
P. F. H. Baddeley. Plates. 

* Nature,' Nos. 836-348. 
' The Academy,' Nos. 204-216. 
' The Medical Press and Circular,* No. 1950. 

* The Sanitary Becord,' Nos. 92-104. 
Obseryatory and Climate of South Australia. By Charles 

Todd, C.M.G. 
Tripe, J. W., M.D (Summary of Meteorological Obseryations made at Goole 

during 1875. 
Tapman,Cap.G.L.,F.E.A.S.l0n the Great Meteors of 1875 ; September 8rd, September 7th 

and September 14th. By Capt. G. L. Tupman, B.M.A. 
Liaugural Address deliyered by Charles V. Walker, F.B.S., 

President, in 1876, to the Society of Telegraph Engineers. 
Beoherches faites dans le but de determiner la temperature 

de Tair par la marche d'un thermomdtre non equilibr6. 

Nouyeau th6ordme d'algdbre sur ce sujet par Prof. C. 

Dufour. 
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The Editor, 



«t 
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It 



Todd, C, F.B.A.S. 



Walker, C. v., F.B.S. .. 
Ward, CoL M. F., F.B.A.S. 
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Ward, CJoL M. P., F.B.A.S. 






«* 






ti 



Watson, W. H., F.C.8. 



•t 



t( 



• • 



Whitmore, J., M.D. ...... 

Zenger, Prol. K, W 



»i 
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Besnmd des Obsarratioiui MSttoraloskiiii fattsi 4 II 

par MM. Bomier, C. Dnloiir, et Yflnui iwndmnt lea a 

1860 k 1854. Par Prof. 0. DnIoiir. 
Snr la Temperature de qnelques souroM, pu Ptef. G. D 
Le Golfe de Naples et sea ToIeanB et lea Yioleaaacn gi 

par H. Lebert. 
Beoherohefl snr la Condensation da la Yi^war Afosi 

Tair an contact de la glace et sur rE^aponilioii, par 

0. Dofonr et T. A. PoreL 
Meteorological Memoranda, 1875, lor B r ajikm aa, 

Whitehaven. (MS.) 
Meteorological Smnmaries for the jean 1874 mi 

Braystones, near Whitehaven. 
Monthlv Report on the Health and Heteorokgy ji 

Parish of Saint Marylebone, during Jaanaiy to Bag 

J. Whitmore, M.D. 
Ueber ein nenes Universalmikroskop nnd nelMr sin 

photographisches Yerfahren znr korrekten nnd beli 

Vergz^erong photographisoher. Anfnahmen yoa 

Zenger. 
Ueber katadioptrische Femr5hre nnd Aplanalan, vn 

E. W. Zenger. 
Ueber dialytisehe Befraotoren. Von Prof. K. W. ta 
Ueber die Qmndnrsaehen der Sonnanflaokaiipiriad 

Prof. K. W. Zenger. 
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IN THE PAQJiFIC OCEAN. 




aUAETERLT JOURNAL 



OF 



THE METEOROLOGICAL 80CIETT. 



Vol. m. No. 20. 



XVI. Remarks on ths Present Condition of Maritime Meteorology, By 
BoBSBT H. Scott, F.B.S., Director of the Meteorological Office. 

[BeoeiTod Mareh 18th.— Bead May 17th, 1876.] 

Ths Brussels Conference in 1858 was organised through diplomatic channels, 
and was attended by representatives from the following nations : — 

Belgium, Norway, 

Denmark, , Portugal, 

France, Bussia, 

Great Britain, Sweden, 

The Netherlands, The United States^ 

The most important portions of the Report of the Conference, as regards the 
future prosecution of Maritime Meteorology, were, in addition to the recom- 
mendations relating to the improvement of instruments, the following 
paragraphs : 

" The object of the Conference being to secure, as fiEur as possible, uniformity 
of record, and such a disposition of the observations that they would admit 
of ready comparison, the annexed form of register was concerted and agreed 
upon. The first columns of this form will receive the data which the Govern- 
ment of the United States requires merchant vessels to supply, in order to 
entitle them to the privileges of co-operators in the system of research, and 
may therefore be considered as the minimum of what is expected of them. 
This condition, which it may be as well to state here, requires that at least 
the position of the vessel and the set of the current, the height of the baro- 
meter, the temperature of the air and water should each be determined once a 
day, the force and direction of the wind three times a day, and the observed 
variation of the needle occasionally. 

NXW 8EBIB8. — VOL. m. t 
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** Every abstract log kept by a merchant vessel should contain at leiBi 
what is here recommended. Anything more wonld enhance its valoe^ind 
make it more acceptable. 

** The remaining columns are intended principally for men-of-war to fill npf 
in addition to those above mentioned, but it is believed that there are msoy 
officers in the mercantile navy also who are competent to this nndertaking, 
and who will, it is hoped, be fonnd willing to distinguish themselves in thiB 
joint action for the mutaal benefit of the services. 

** In the compilation of this form, the Conference has had carefully in view 

the customs of the service, and the additional amount of attention whoA 

these duties will require, and it is believed that the labour necessary for tke 

purpose, at least to the extent specified in the instructions for filling up ibe 

columns, is only such as can be well performed under ordinaiy circumstances, 

and it has considered it a minimum, and looks with confidence to occasional 

enlarged contributions firom zealous and intelligent labourers in the gn^ 

cause of science. 

m * * * * * 

<« The Conference, having brought to a close its labours, with respect to 
the iacts to be collected and the means to be employed for that purpose, baa 
now only to express a hope that whatever observations may be made, win be 
turned to useful account when received, and not be suffered to lie doimant 
for the want of a department to discuss them ; and that should any (Govern- 
ment, from its limited means, or from the paucity of the observationa 
transmitted, not feel itself justified in providing for their separate discussion, 
it is hoped that it will transfer the documents or copies of them to some 
neighbouring power, which may be more abundantly provided and willing to 
receive them. 

« The Conference has avoided the expression of any opinion as to the 
places or coxmtries in which it would be desirable to establish offices for the 
discussion of the logs, but it is confidently hoped that whatever may be done 
in this respect, there will always be a full and free interchange of materialflf 
and a frequent and friendly intercourse between the departments ; for it il 
evident that much of the success of the plan proposed will depend upon thia 
interchange, and upon the firankness of the officers, who in the several 
countries may conduct these establishments." 

The only nations which have S3rstematically pursued the study d the 
subject since November 1858, have been the United States, Holland, and 
this country. 

As regards the United States, abstract logs, kept by captains of anj 
nationality, were for some years received at the Naval Observatory, Washing- 
ton, and several captains regularly sent the materials collected in their shipa 
to Washington for discussion. The operations of the Naval Observatory in 
this department were, however, suspended at the time of the war, Com- 
mander Maury having left the Observatory in April 1861. An elaborate 
report on the publications issued under his superintendence, such as the 
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'* Wind and Current Charts " and the ** Sailing Directions," was afterwards 
drawn up, at the request of the United States GoTemment, by a Committee of 
the National Academy of Science, and published in their Report for 1864. The 
first of the resolutions contained in that Report was to the effect that the pub- 
lications in question ** ought no longer to be issued in their present form.** 

Operations of the same nature as those conducted by Maury have not since 
been resumed at the Naval Obserratory, and the subject of Maritime 
Meteorology has been transferred thence to the Hydrographic Office. 

When, in 1874, Commodore Wyman, the Hydrographer, was inyited to the 
Maritime Conference in London, he declined to attend, but furnished detailed 
remarks on various points which had been submitted to him, which are 
printed in the Report of that Conference, and of which the following are the 
most important, as bearing on the present position of Maritime Meteorology 
in the^nited States. 

" The Abstract Logs were printed and issued both to naval and merchant 
vessels, but are not now issued to either. The log now in use in the navy of 
the United States is substantially the same, as far as its Meteorological 
Records are concerned, as the log recommended at Brussels ; we employ the 
Howard Cloud nomenclature and a scale for wind forces dififering not 
materially firom the Beanfort scale. 

" The United States Hydrographic Office (in its Meteorological Depart- 
ment) under the Bureau of Navigation, will be always ready to consider any 
general suggestions as to the most profitable mode of discussion of observa- 
tions, but while it regards with much interest the proceedings of the various 
Meteorological Conferences, and the growing popularity and importance of 
the science of Meteorology, it is not prepared to enter into any arrangement 
for a division of labour as regards subjects of inquiry. 

** The Journal issued is for the collection of data for a specific purpose, the 
revision of our present Wind and Current Charts, this being the only subject 
of inquiry in this science in which it is at present engaged.*' 

Holland was the first country to follow the example of the United States, 
the Royal Meteorological Institute of the Netherlands having been founded 
January 1, 1859, mainly by the exertions of Professor Buys Ballot and 
Captain Jansen. As concerns the position taken up by the Institute 
in question in regard of the action of the Brussels Conference, Professor 
Buys Ballot's reply to the circular convening the Maritime Conference 
of London, abo printed in the above-mentioned Report, afibrds precise 
information. He quotes from two pamphlets issued by him in 1872 and 
1878 respectively : — 

" I have from the beginning thoroughly opposed the Resolutions of the 
Brussels Conference. I was, however, bound to observe those regulaiioDs 
because of the American publications which were* carried on in accordance 
nrith them. But as soon as the Dutch Institute had its own publications, I 
ftdopted another form of log. 

** The Brussels Conference asked for too many observations, e,g. psychro- 
meter, specific gravity, &c. which we could not expect to be made accurately 
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by merchant ships, and which are of no use to them. Moreover, the bonis 
8 and 9 were not convenient. The true coarse and distance, which are of 
practical nse for Sailors and Directors of Institutes, were not required. 

** I beg to refer you, for further particulars, to the following extracts from 
my printed papers : — 

*^ * 1 * Suggestions on a Uniform System of Meteorological Observations.' 

** * The Congress held at Brussels aimed at accomplishing too much, nd 
thence many were discouraged. 

«« * Or how else shall we accoxmt for it, that especially in the Netherlands, 
which soon declined to observe these directions, most observations have been 
sent in. 

*< < In all probability it would have been sufficient to confine the observations 
to the end of the watch kept on board a ship, and not to ask for too mnch 
information. If I may be allowed to state what has in this country attraded 
most attention, and with respect to which we have been supplied with tbe 
most and the best observations, it will be this : — 

'* * 1. We require at the beginning of the log book a statement of the 
corrections of the instruments after they have been examined by 
persons appointed for that purpose by the Central Observatory. 
« < 2. The number of days the ship was at sea. 
'' ' 8. The conjectured and observed position of the ship. 
" * 4. The heights of the barometer by the mercurial barometer. 
*' * 5. The direction and force of the wind. 
'* ' 6. The temperature of the surface of the sea. 
** * No one will deny to these observations their high practical and theo- 
retical value. 
" ' 7. Deviations of the compass. 

« < On entering a port, or whenever there is an opportunity at sea to veer 

the ship, the deviations are verified. The safety of the ship 

depends too much on the local deviations that time may well 

be sacrificed. 

^f * B, The temperature observations, if there be any place on board fit for 

taking them. 
'< < Psychrometrical observations ; how much rain fell in one day ; deep sea 
soundings, &c., mi^ be safely left to the interest of captains themselves and 
to such opportunities as are afforded. 

« < What is of most importance to navigation must have the greatest 
weight VT^th us.' 



f If 



** * 2. 'A Sequel to the Suggestions o^ a Uniform System of Meteorological 

Observations.*' 

« < I do not see any safer means of knowing the average indications of the 
instruments, for every time of the year and every place* than to note in our 
registers every observation on a different page, according to the place in the 
pcean, and separately for every day of the year, that we may be fible to make 
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a graphie table of these obsenrations, and to see if any districts of the sea 
have some phenomena in eommon, and what are the boundaries of these 
districts. 

'* ' Unhappily it is not sufficient to form squares of five degrees a priori, for it 
will often be the ease that one half of such a square shows a digression from 
the mean opposite to that of the other half. For instance, if we seek the 
limits of the Trade Winds, shall we find them by studying only large squares, 
viz. from 15° to 20° lat., and from 20° to 26° long., &o. 7 Are they at the 
same latitude in different longitudes ? It is impossible to determine them if 
we do not know what passes at every square degree, at every square minute 
of a degree. Sooner or later, therefore, some one will come to the system 
of giving separately what has been observed at separate points of space and 
time.' " 

Professor Buys Ballot's views on co-operation in the subject of Maritime 
Meteorology are expressed in his *' Sequel," above noticed, at pp. 48-49, in 
the following words : — 

** The material of the observation is not so well provided that, if distributed 
over three or four Institutes, each, England, France, Germany, even 
England, to which the lion part belongs, would have a sufficient number of 
them, in a certain part of the ocean, to be able to derive therefrom the 
details, and to be certain that these details are not only apparently true. So 
it might be that another nation had published charts of the same region 
which gave, or appeared to give, different details, no more true and exact than 
the other, from the same cause, want of sufficient information. 

** Now we must conclude that even this nonconformity in some points 
shows us the uncertainty of these points, but it would have been better to 
join the two sets of observations, and to derive from the whole number a 
more reliable result. Were the two charts precisely after the same model, 
every one could combine them afterwards ; but such is not always the case, 
and not always reciprocally. England can make use of the Dutch charts, and 
Mr. Scott has trusted so much the Dutch sailors that he has done them the 
honour of inserting their detailed observations into his charts. Would it not 
have been preferable and less expensive, if one of us had the whole material 
and^had given only one chart? 

** So our chart of icebergs is, considering the time when it was given out, 
a good chart, but we are the first to complain of the scantiness of observa- 
tions recorded. Therefore, when one Institute declares that it will study the 
physiognomy of a district in a given direction, we earnestly implore all other 
Institutes to supply it with all possible information they possess, gratuitously, 
as we are willing to do." 

It will be seen, therefore, that Holland, while it has declined to be bound 
by the letter of the Brussels Resolutions, has fully complied with their spirit, 
and the publications of the Utrecht Establishment have been both numerous 
and important, * but they have hitherto referi ed, almost exclusively, to the 
districts traversed by the Dutch vessels on their passages to and from the 
Indian Archipelago. 
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Very recentij the Dntch Institnte has undertaken the inyestigation of 
the China Seas, and has issued an invitation to Gennany and to this conntiy 
to supply it with the information in their respective offices for the iegi(m 
In question, on the the terms defined by Professcnr Buys Ballot in the eztnets 
above quoted, viz. that it was prepared to supply them, in return, witb ifaA 
materials in its possession for any investigation they might wish to undertike, 
the expense of copying the information being borne by the respective donon, 
not by the recipients. 

The history of Maritime Meteorology in this country need hardly be 
traced in this paper, having been given at considerable length in evidenee 
before various Commissions and Committees of Inquiry in 1866, 1878, and 
1876. 

The publications on the subject which at first emanated from the Meteovo- 
logical Department of the Board of Trade, were reproductions of some d 
Maury's charts, in a graphical form. These reproductions were not of his 
'* Track Charts,'' as has frequently been supposed, but of his " Pilot Charts." 
The difference between these two classes of charts is that in the Track 
Charts the observations of each element, over the area of the chart, for the 
different months, were printed in the acttial spots where they were taken, and 
the months were distinguished by differences of colour, &c. &c. ; while in the 
Pilot Charts the winds were given for five-degree squares numerically m 
roses. These latter data were represented by Admiral FitzRoy also in roses, 
but graphicaily. These were the Board of Trade Wind Charts, and veie 
issued for the entire ocean. Data from Maury's Track Charts were used 
for currents, but not for any other investigations. 

As soon as he had accumulated materials out of the Board of Trade logs. 
Admiral FitzRoy began to combine their information with that contained in 
Maury's publications, and published charts for the North Atlantic Ocean for 
five-degree squares, for the four months, February, May, August, and 
November, containing information on winds (direction and force), currents, 
sea, temperature, prevalence of rain, and magnetic variation and dip. The 
force of the wind in these charts was taken exclusively from Board of Trade 
logs, as Maury's charts gave no statistics on that head. It had been 
apparently Admiral FitzBoy's intention to have issued these charts for ead 
month, if the publication had been approved by the public, but his death in 
1865 checked all operations in this direction. 

The Meteorological Committee of the Royal Society have undertaken the 
minute investigation of limited portions of the ocean, and have endeavonred 
to extract from the logs in their Office all the information which they contain, 
on all the phenomena observed, in pursuance of the resolutions of the 
Brussels Conference. 

It will be easily seen when we have found that for an area of the ocean 
comprising, in round numbers, say 50 degrees of longitude and 80 degrees 
of latitude (fifteen ten-degree squares) 81 per cent, of the entire data are 
collected into the space of a single ten-degree square, that any attempt 
to draw conclusions applicable to the whole region would be perfectly mis* 
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leading, as the preponderanee of materiala from the central square would 
necessarily influence the means for any parallels of latitude or meridians 
passing through that area. 

The foregoing remarks embrace the general features of the work carried on 
as a direct outcome of the Brussels Conference, up to the year 1872. 

In addition, however, to what has been mentioned, several publications of 
high value have appeared in various quarters since 1868, which may be con- 
sidered as more or less direct evidence of the interest for Maritime Meteoro- 
logy which was evinced at Brussels. 

In the first place, Lieut. Fergusson published in 1856, under the auspices 
of the East India Company, three series of monthly wind and current charts 
for the Indian Ocean and China Seas, the Persian Gulf, and the Bed Sea and 
the Gulf of Aden. 

The Hydrographic Office of the Admiralty published in 1868 its " Pilot 
Charts for the Atlantic Ocean," and in 1872 its ** Wind and Current Charts 
for the Pacific, Atlantic and Indian Oceans,** which, as appears on the face of 
the charts, were compiled firom the various published charts and works on 
Meteorology in all languages and from documents in the Hydrographic 
Office. These charts are for three-monthly periods, and refer in the first 
instance to wind — ^giving direction only, with the proportion of calms — and in 
the Pilot Charts, of gales also. Currents are given in two separate charts 
each for the whole year, the areas corresponding to the areas gf the 
respective wind charts. As regards the barometer and thermometer, the 
pilot charts contain mean monthly values for a few land stations, but without 
any intimation of the authorities whence the original information has been 
derived. In the wind and current charts we find isobaric and isothermal 
charts for the globe, of the same type as those of Buchan and Dove 
respectively. The text of the charts contains also additional information on 
various Meteorological sulrjects. 

In France, monthly wind charts were published in 1861 by Yice-Admiral 
Yicomte de Chabannes for the East Coast of South America, and in 1864 by 
Lieut. Le Helloco for the South Pacific Ocean. In addition, M. Charles 
Ploix published in 1868 a volume entitled '' Vents et Courants, Routes 
Gen^rales," which was extracted from Maury's Sailing Directions and the 
most recent publications. In 1874 this work was re-issued, having been 
corrected in accordance with information subsequently rendered available. 

In Hamburg, Herr von Freeden succeeded in organising an Office for 
Maritime Meteorology in 1867, under the municipal authorities of that town, 
entitled the Nord-Deutsche Seewarte, and he devoted his energies to the pro- 
duction of wind charts for the North Atlantic, and to the preparation of 
sailing directions for individual voyages. In 1875 these operations were 
interrupted by the transference of the office to the German Government, and 
it has since been re-organised on a very extensive scale. Dr. G. Neumayer 
being placed at its head. 

The only other operations in the direction of Marine Meteorology prior to 
1872 which merit much notice, have been mainly with reierence to the South 
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Indian Ocean ; Mr. Meldmm, of the Manritins, having published in 1856 a 
paper on the Meteorology of the Indian Ocean for the month of March, 
1858, and several papers on individual storms ; and Dr. G. Nemnayer, ivhen 
at the Flagstaff Observatory, Melbourne, having discussed ships' logs for the 
routes between Europe and Australia and given the results in two vohimei 
published by him, principally in that entitled ** Meteorological and Nautieal 
Observations," 1858-1862. 

At the same time a new line of treatment of observations taken at eei 
came into the foregroxmd — that of employing them for the investigation of 
weather in addition to their use in climatological inquiries. 

The first suggestion of this work with which I am acquainted, is to be 
found in a paper by Professor Buys Ballot in ** Poggendorff's Annakn 
Erganzungs Band,** Vol. lY., 1854, and Admiral FitzRoy, in Appendix H. 
to his first Report for 1857, distinctly requested captains of ships to fdmish 
such simultaneous observations over a definite area of the North Atlantic. 

In 1861 , however, the idea took a definite shape in the way of international 
co-operation, M. Le Yerrier making a proposal that the globe should be 
divided for the purposes of weather study, France to take the Atlantic, 
England to take the Indian Ocean, while Russia and the United States should 
take Asia, the Pacific Ocean, and America. 

The outcome of this proposal has been that for nine months of 186 i, and 
for the whole of 1865, a series of daily synoptic charts w^e published by 
M. Le Yerrier, entitled ** Atias des Mouvements Generaux de 1* Atmosphere,*' 
which embraced the North AUantic north of 40° N., and Mr. Meldrum com- 
menced the preparation of daily synoptic charts for the Southern Indian 
Ocean for the year 1861. 

This proposal of Le Yerrier*s has been comparatively fruiUess, because the 
only region for which there was a reasonable probability of material sufficient 
for the construction of satisfactory charts being procurable was the Atlantic, 
so that there was no prospect of France being able to furnish to other 
nations, for the Indian or Pacific Oceans, an amount of material at all com- 
mensurate either in quantity or quality with what she requested those nations 
to furnish her for her investigations. 

At the present time the value of synchronous observations over the entire 
globe has been taken up energetically by the United States Signal Office, 
under Brigadier- General Myer, commencing with the year 1874, and further- 
more Captain Hoffmeyer has undertaken to re-produce in his daily Synoptic 
Charts from Europe and the North Atlantic, for the year 1875, any observa- 
tions made at sea which may be supplied to him. 

This is then the present state of the question of simultaneous observations 
at sea, and it is obvious that if they are to be carried out, observations must 
be continued over all parts of the sea embraced by the charts, no matter 
what material may have been accumulated for the climatological investigation 
of the district, or how well the means of each element may have been deter- 
mined for it. 

To return to the climatological branch of the subject, and its development 
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ce 1872. In that year, at the prelimmary Meteorological Conference at 
[pzig, the question of Maritime Meteorology, which had not originally 
>eared on the programme for discusssion, was, on the proposal of Dr. 
oxnayer entertained, and certain resolutions were adopted, relating for the 
fit part to the desirability of introducing uniformity of methods, &c. the 
fit important of which was the fourth. 

'* With reference to the utilisation of the results, the Conferex^ce would 
^e the importance of uniformity in the methods employed. In close 
Ation therewith is the carrying out of the division of labour of the central 
tions of the indiyidual states. This principle must be recognised as of the 
latest importance for the further development of Maritime Meteorology, 
e repetition of work over definite regions, with reference to the area to be 
estigated, must be declared as indefensible in the interests of this de- 
opment.'* 

[n 1878 at Vienna, the subject was again discussed, the Leipzig Resolu- 
QS were re- adopted, and it was further recommended that offices for 
britime Meteorology should be organised in each country, and that a special 
xitime Conference should be held for the discussion of the entire question 
Ocean Meteorology. It was subsequently decided that the Conference 
>nld be of a private character, and that it should be held in London. 
A.S one of those who voted for a Private Conference, I may be allowed to 
r'that as I found that the delegates to the Official Conference at Brussels 
tinctly declined to pledge their respective Governments to any course of 
ion in the following words, which appear in their Report : — 
*' Before entering upon any discussion, it was the desire of all the members 
the Conference that it should be clearly understood that, in taking part in 
) proceedings of the meeting, they did not in any degree consider them- 
ves as committing their respective Governments to any particular course 
actioii, having no authority whatever to pledge their country in any way 
tbese proceedings,*' 

I did not see any utility in attempting to give the meeting an official 
araeter, which would at once have raised delay, if not difficulties, in 
3 way of convening it, and which character would probably, as e,g. at 
ussels, be disowned for it by some, if not all, of those present. More- 
er, I thought that it would do more haim than good to the science, if the 
solutions of an Official Conference were to be treated as a dead letter, as 
B practically been the case in more than one quarter with regard to 
e Brussels Conference. 

The Meeting was ultimately held in London in August 1874, and was 
tended by gentlemen from every maritime country in Europe except 
reece ; in addition India and China were represented. The United States 
id Sweden took part in the Conference by correspondence. 
The general result of the Conference was to approve the action taken at 
russels, with certain slight alterations and improvements, to Express a more 
r less decided approval of the methods followed in the Meteorological 
>ffice as regards instructions to observers and the treatment of obser\ations, 
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and with reference to the ultimate character of the work, to adopt tin 
following resolutions : — 

*^ Discussion. — ^It is desirable that eveiy Institution should publish Um 
observations and results in such a manner that everj foreign Institate esn in- 
corporate them with its own observations and results in' the easiest vsj 
possible ; that is, by preserving the number of observations^ together witk 
any means derived from them, for smgle square degrees. 

'' It is further desirable that, whatever Charts be published, the results ix 
single square degrees should be published in a tabular form. 

« It seems desirable for the use of the Sailor that each Chart should han 
reference to only one element, or, at least, only to elements closely related to 
each other. 

'' Subjects of Inquiry. — ^The division of labour, as regards inveetigatioiis, 
can only be carried out by mutual agreement between the several InstitntioDs; 
and each Institution shall announce to other Institutions what investigalioitf 
it proposes to undertake. 

" It is very desirable that such division of labour should be effected. 

** SaiUng Directions, — ^The sailor wants the result of experience alone, and 
he must receive assurance that his observations have been turned to use. 
When these results of experience have been given, the theorist may pomt 
out the reason why certain routes are the best." 

Let us now see what has been the progress of the subject since 1874, if 
indeed we may not claim for this progress that it has been the direct outcome 
of the Meeting to which reference has just been made. 

In the first instance, the German Government, as already stated, has taken 
the Deutsche Seewarte under its own direct control, and has furnished it with 
funds on a most liberal scale. This action took definite effect in the course 
of the year 1875. 

At the close of the same year the French Minist^ de la Marine oi^ianised 
an office at the Depdt des Cartes et Plans, under the superintendence of M. 
Charles Ploix, whose name has been before mentioned. 

Meanwhile Holland and this country have continued on their previous 
course. 

The India Office has of late applied to the Meteorological Office for a copy 
of all the information in its possession for the Indian Seas north of the 
Equator. 

As r^ards special publications, the only recent Charts which appear to 
merit particular notice liave been those of M. Brault, a lieutenant in the 
French Navy, which have been laid before the recent Geographical Conference 
in Paris. They are Wind Charts for the North Atlantic for three-mcmthly 
periods, and indicate both the direction and force of the wind. 

As regards any action in the way of international co-operation in investiga- 
tions, the fact of the Dutch and (German Institutes having undertaken to 
investigate the China Seas {(f-dOP N. lat and 100^-150'' E. long.), and the 
Atlantic (80^-50° N. lat. and from coast to coast in longitude) respectively, 
should be mentioned. These Offices have agreed to interchange the informa- 
tion in their respective possessions for these districts. 
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Hie Meteorological Office has nndertaken the district embracing the South 
Point of Africa (80°-60° 8. lat. and 10°-40° E. long.). 

The Committee have not been able to promise to supply the infomftation in 
iheir Office unless the recipients would bear the costs of correcting the 
^baerrations and extracting them into data books, which would, at the lowest 
etixnate, amount to £8 per 1,000 sets of observations, so that, ior the area 
Jready dealt with of 80 degrees oi latitude and 80 degrees of longitude, 
rhieh yielded 112,995 sets of observations, the costs of the mere preparation 
>f the information for discussion, with the experience of such work now 
[ained in the Office, would not fall short of Jg900. It can hardly be doubted 
hat the information requested bj the German Institution would be to the full 
ks eosUy, so that unless funds were placed at the disposal of the Committee, 
or the special purpose of supplying information to foreign Institutions, it 
iroiild not be possible for them to enter into any arrangement of the nature 
^f that proposed. At the same time the Committee have signified their entire 
readiness to place all the materials in the Office at the service of foreign 
Institutions, if the latter will only bear the costs of extraction of the data. 

It will be interesting to conclude these remarks with an account of what 
18 actually being effected in the way of determining the Meteorological con- 
ditions of the entire ocean. 

As is well known, the surface of the globe, between 80° N. and 7(f 8., is 
divided into 540 squares of ten degrees of latitude and longitude each. If 
we mark on a chart (Plate YII.) all the squares in higher latitudes than 60° N. 
and 8., and all the squares which are occupied entirely or nearly so by land, 
there remain about 800 which may be termed ocean squares. In the Report 
of the Committee of Inquiry (1866), this number was estimated at 880, and 
it was stated at p. 11 : — 

«< We think we may be justified in provisionally assuming that 100 
observations in each month in every five-degree square, or 5,000 observations 
altogether in every one of the 880 ten-degree squares, would represent the 
average number with which the department would have to deal before its work 
is complete." 

And at p. 40 : — 

** We make the following estimate : — 

** Ocean statistics, 

'' Issue of instruments and registers annually *• £1,500 

** Discussion and publication of results ... 1,700 



Total ... £8,200 

** This expenditure ought to terminate in about 15 years, as by that time a 
sufficient number of observations to determine the Meteorological means will 
have been collected and discussed." 

If we leave alone, for the sake of argument, the degrees of accuracy for 
the respective means, which are laid down as requisite in the Beport in 
question, it will be easy to see what has been effected since 1866 in this 
country, and what, as far we know, is being done elsewhere. 
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On Plate YII. the usual tracts from Europe to the principal foreign pods 
have been laid down from Berghaus's Chart of the World. Allowing a certain 
margin on each side of these tracts, we shall find that about 100 of these 800 
ocean squares are not, under ordinary eircumstances, trayersed by any ships, 
so that the idea of being ever able, by the ordinary course of irade TOjages, 
to amass 5,000 observations in any, not to say in every one, of the squares in 
question appears to me visionary. Ocean Meteorology, when we oome (o 
minute work, is and must remain of a '* patch-work " character. 

Plate Yin. gives a fair idea of what the condition of the information for the 
Pacific in the Meteorological Office was in 1866. Admiral FitzBoy had com- 
menced to attack that great mare incognUum, as regards its meteorology, and 
the chart represents the quantity of information which was extracted by him. 
It does not in any way show the amount of material for each month, or 
whether or not this was sufficient to give its means with any approach to 
accuracy. It merely indicates that observations for so many months existed; 
but there may have been only three or four sets of observations in each 
month. 

The Office has already published the results of this work for the region 
about Cape Horn, and is publishing a portion for the China Seas, as an 
appendix to the forthcoming paper, by Staff-Commander Tizard, of H.M.S. 
'* Challenger," on the Meteorology of Japan. 

Practically, therefore, the entire area of the Pacific, except the China Seas, 
the homeward route from Australia to Cape Horn, and the district imme- 
diately about Cape Horn, is a blank, as regards observations pretending to 
accuracy existing in the Meteorological Office, and I strongly suspect the case 
is the same in other offices. Of course this chart takes no cognisance of any 
observations made on land in our own colonies or elsewhere ; but, as regards 
the Central Pacific, I am not aware of a single station on any of the islands 
where regular observations of any value have ever been taken for any con- 
siderable length of time, say even five or six years. On this point I woold 
refer to the letter from the Rev. S. J. Whitmee in " Nature," vol. xi. p. 405, 
and to subsequent correspondence I have had with that gentieman. It is 
perfectly impossible to exercise sufficient control over isolated observers at 
such a distance without some local arrangements for regular inspection. 

This chart has not undergone very material alterations since 1866. 

If we now turn again to Plate Yll., and look at the regions which are, at 
the present moment, either investigated or in process of investigation, in what 
I would venture to term the requisite detail — i.e. with a degree of accuracy 
infinitely more minute than was contemplated in the Beport of the Com- 
mittee of Inquiry (1866), and probably involving the publication of means for 
Bingle degree squares -Yre find that we have already finished, and are publish- 
ing, nine squares in the Atlantic, and are undertaking six squares off the 
South Point of Africa ; the Dutch are undertaking 15 squares in the China 
Seas, and the Germans 18 squares in the North Atlantic. It may, perhaps, 
be permitted to express a regret that the limits of latitude of the last-men- 
tioned investigation do not descend to 20^ N., so as to join on to the region 
investigated in the Meteorological Office. 
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The India OfSce has also commenced, at Mr. Blanford's request, to obtain 
for him from the Meteorological Office materials for discussion of the North- 
em Indian Ocean, embracing 15 squares. This region joins on to that 
undertaken by the Dutch, so that we may say that the entire district between 
the coast of Asia and the Equator, and for 110 degrees of longitude, is being 
dealt with. 

It will accordingly be noticed that the North Atlantic between 20° and 80° 
N., and between 50° and 60° N., the entire South Atlantic from 10° S., the 
South Indian Ocean and the whole extent of the Pacific, except the China 
Seas, are regions as yet absolutely untouched, excepting in such a general way 
as has been effected in the earlier charts, Wind Charts, &c., before mentioned. 

If we therefore consider what may be termed the *' unsurveyed world," to 
ipply to Ocean Meteorology the term used by Staff- Commander Hull in a paper 
read before the Royal United Service Institution in 1875, we must admit that 
Ekt least three-fourths of the surface of the ocean are likely to be in this un- 
satisfactory condition for several years to come. 

It is not too much to say that we cannot pretend that a sufficient knowledge of 
the conditions of the lower strata of the atmosphere over the sea has been 
attained until at the very least monthly charts for all the elements for five- 
degree squares over the whole navigable globe shall have been published. 
When these are complete the requirements of scientific men, both seamen and 
landsmen, will demand far more minute work for any regions which will afford 
sufiicient material to repay discussion. 

The resolution of the London Conference should again be repeated if any 
one should be found to maintain that general charts, for three months at a 
time, meet the wants of the public : — 

" It is desirable that, whatever charts be published, the results for single- 
degree squares should be published in a tabular form." 



DISCUSSION. 

Dr. Neumayer said that the Deutsche Seewarte had been organised in its 
Meteorological Department in strict accordance with the principles laid down by 
the Congress of Vienna and the Maritime Conference of London ; one of these 
principles was the division of labour, w-bich had been carried out in so far as an 
agreement with the Meteorological Institute of Utrecht had been arrived at, 
according to which the Seewarte should undertake the discussion and publication 
of the North Atlantic from 30° to 60° N. With regard to the remark made by 
Mr. Scott, that such an arrangement, if adhered to, would leave a blank of 10° 
latitude, he would only say, that he would be verv happy to assist the Meteoro- 
logical Office in any investigation, and should, therefore, cause the preliminary 
adopted plan to be altered in so far as the Seewarte would unaertake the 
discussion of the space under consideration. 

Captain Hull remarked that the labour of compiling the Admiralty Wind 
Charts was considerablv lightened by the observations being in many cases already 
reduced by Maury, FitzKoy and others ; the £1,000 referred to by Mr. Scott 
having been spent upon the observations to considerable advantage. The closing 
remains of the paper express the general wants of sailors with regard to Ocean 
Meteorologv, viz. ** monthly charts for all the elements for five-degree squares 
over the whole navigable globe." In some parts of the Ocean, such as the 
regions in which the Trade Winds meet, closer investigation is however desirable ; 
here the results for one-degree squares require to be tabulated, as lumping the 
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winds in five-degree squares at certain seasons is liable to produce diiotie 
results. The present three-monthly charts do not give the requisite informatioQ 
with regard to the change of seasons ; for instance, in the Indian Ocean, the 
observations for October being mingled with those for November and December, 
somewhat damaged the wind chart for that quarter of the year. In Adminl 
FitzRoy's Wind Charts a No. in the left hand comer of the square indicated ths 
number of observations that had been used in constructing the wind star : he 

Syaptain Hull) regretted this system had not been followed in the constmctioii of 
e present wind charts, as by that means the amount of confidence that ni^ 
be placed upon the dian'ams would be seen at a glance, and also informatum 
would be given as to where more observations were required ; in fine, they wodd 
be in some degree similar to the shaded charts drawn to accompany Mr. Seott*s paper. 
In his paper on the Unsurve^ed World, he had atteinpted to show how large a 
portion of the world was stdl unsurveyed, and Mr. Scott had certainly by his 
paper and accompanying charts proved that a very considerable portion of tiie 
globe was also (if he might be allowed to coin a word) un-meteorologised. 

Captain Toynbee was glad to learn firom Dr. Neumayer that ^rmany wti 
willing to extend its North Atlantic work dov^ to 20* instead of dO° N. latitude. Hii 
experience of the Meteorological Office showed that sufficient data had not yet 
been collected for the construction of one-degree charts for any part of the 
Ocean. He had, however, been convinced of the importance of dealing with the 
actual observations of winds, currents, &c. instead of basing arguments on the 
passages made by ships of various sailing ^ualities^ by seeine the diffisrent con- 
clusions at which the various countries arrived, which used the latter method, si 
to the best routes for crossing the Equator in tne various months. StiU all prsiie 
was due to the men who, like Dr. Neumayer, had made such very able use of the 
small amount of data at their command.. 

Dr. Neumayeb wished to state, with reference to the remarks made by C^)taiii 
Toynbee, that he had not recommended vessels to pass to the East of the Cspe 
Verd Islands, on their way to the Line, all the year round, but merely daring the 
summer months, June, July and August He might perhaps be allowed further 
to remark, that the methods adopted by the Deutsche Seewarte in extracting 
ships' loes and classiMn^ the results, nave been shaped according to those in 
practice by English autnonties, which have proved to be at the same time simple 
and practical. 



XVn. On the Mean Temperature of Every Day, from all the Tfurmometned 
Observations taken at the Royal Observatory ^ Greenwiehf from the year 
1814 to the end of 1878. By James Glaibheb, F.R.S. 

[Beceived March 29th.— Bead May 17th, 1876.] 

In the year 1857, 1 communicated to the Society a paper entitled " On the 
determination of the Mean Temperature of every day in the year, firom all the 
Thermometrical Observations taken at the Boyal Observatory, Greenwich, firom 
the year 1814 to the end of 1856,*' which is printed in the Annual Beport of the 
Council for that year (p. 56). I have there given the mean temperature (rf 
every day in the year, derived firom a complete reduction of all the thermo- 
metrical observations made at the Boyal Observatory, between January 1st, 
1814, and December 81st, 1856. When the half century of observations 
was completed, I reduced additional seven years' readings in the same 
manner, and thus obtained the mean daily temperature of every day in the 
year, each result being thus based upon fifty observations. This paper was 
read before the Society on February 15, 1865, and is printed in the *' Pro- 
ceedings," vol. ii. (p. 827). I now have the honour to lay before the Society 
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te results for the ten years 1864 to 1878, and the daily means given by the 
xty years* observations. 

I have previously remarked that the results for the seven years ending 
B68 were of a different character to those at the beginning of the series, 
ad it will be seen that this change of climate is confirmed still more decidedly 
y tlie eont^its of the present paper. 

In my two previous communications I have fully explained the nature of 
le observations, and the manner in which they have been treated, so that it 
I only necessary to state here, that those for the decade 1864 to 1878 belong 
J the series which was commenced in 1848, and which has been continued 
ince without change, viz. they consist of observations of the dry bulb 
hermometer, four feet above the soil, taken daily at the hours of 9 a.m., 
looxiy 8 p.m.» and 9 p.m.» together with the maTJmum and minimum 
eznperatures of each day. 

To the means of the observations at 9 a.m., noon, 8 p.m., and 9 p.m., 
lorreotions were applied daily for diurnal range, by the application of 
[nantities taken firom my Tables of Diurnal Range, as dependent upon the 
wnge of temperature in the day (Fourth Edition, London, 1867). 

The corrections which have been applied subtractively to the arithmetical 
nean of the daily maximum and minimum temperatures are extracted from 
lie same Tables. 

The second column of Tables I. to XII. shows the mean temperature of 
svery day from the observations of 50 years ; the 10 succeeding columns give 
the successive mean temperature of the same day in the years 1864 to 1878, 
md the 18th column gives the mean values as found from 60 years' observa- 
tions. 

In the 14th and 15th columns are shown the lowest mean temperature on 
that day that has occurred in the 60 years, and the year of its occurrence ; 
in the 16th and 17th colunms the highest mean temperature and the year of 
occurrence ; while the last colunm contains the extreme difference of mean 
temperature of the same day which has taken place in 60 years, the numbers 
being derived from the 14th and 16th columns by simple subtraction. 

In the notes at the foot of each month, the extremes of daily mean 
temperature in the month are noted. 

From the numbers in Table XIIL, by comparing each consecutive pair 
together, it would seem that the addition of 10 years' observations has not 
greatly lessened the number of instances of large differences between the 
mean temperature of consecutive days, and by comparing the numbers of such 
cases in this table with those in the table based on 48 years' observations, it 
appears that for the most part where large differences then existed they still 
appear ; and it is probable that some of these sudden changes represent 
physical facts, and are not due to *' runs of luck." 

Table XIV. is formed by taking the differences of temperature between 
eonsecutive days, the sign (+) indicating that the temperature of the following 
day was higher than that of the preceding ; and the sign ( — ), that it was 
of lower temperature. 
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The mean temperature of the eoldeit day in Jannaiy in sixty yean waa io°-7, on the lolb IV 
in the year 1838. 

Ihe mean temperatore ol the hottest day in Jannary in «ixty yaara iraa 5X°-7, on the 141b *4 
in the year 1834. 

The diSerenoe between these nnmbera is 42°'o, and it repreaente the extreme differeiM W* 
tneen the mean tempeiatnce of two days in the month of Jaatuiy in sixty yean. 

The day of the month wboae mean temperatoie has been Bobjeoted to the greateit dillanaMi 
3g°-9, was the loth ; and that to the least, 23°-+, waa the 39th. 
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Thei 



1 Febroaij in i 
1 Febnuuy i 



:ty yean was ii°'6, on the 9th day 
aiity yean was S5°-o, on the gtb 



n tempentnn of the coldeat day 
) the year 1S16. 

Ths mean terapomtare of the hottest day 
V in the year 1831. 

The difference betveen these numbers is 42'*'4, and it representB the extreme difference b«- 
'oon the mean temperature ol two days in the month of February in sixty yean. 
Tlie day of the month whose mean tempM'Btare has been subjected to the greatest lUfferenoe, 
"-4, was the gtb; and that to the least, 23'-2, was tlie zSth. 
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The mean temperatnre of the coldest iUy iu Unroh in akt; fears was 12° i, a 
in the year 1845. 

The meaD temperatare of the hottest day in Uoroh in sixtv veara vsa 53°'6, a 
in the year 1815. 

The diflerence between these two nnmbern is 36°-5, and it repreaenti the eilreme di 
-biitneen the mean temperuturo of 6wo days in tho month of March in aiity years. 

The da; of the month whose mean temperature has beeu aabjeated to Uie gnttaai di 
]a°'3, was the .olh ; and that to the leait, .g°'i, wa« the 30th. 
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■ 37°-S, on the ist da; in 



Che mean temperatnre of the ooldeet da; in April in eiz^ yean w 

Fne mean tenpsratore ol the hottest da; in April in astj jaaxs waa 6l°-5, on the 37th day in 

rha diflerenoe between these numbers ii , . , 

>en the mean temperature of two days in t£e month ot April in aiily years. 

rha daja ol the month whose mean temperature has been anbjeoted to the greatest diSerenee, 

'-I, wen ths 3rd and 4ih; and that to the least, ao°'S, wae the 32nd. 
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Tbes 



2 temparatiin of the eoldsat day in Uay in aizty yeara wsa 34*^5, on the 14D 



The mean tempentore of the hottest day in May in sixty yean was 7a°-4, on the ij 
in the year iSjj. 

Ihe diSerenee between theae numbers is 37°'g, and it represeutB the extreme diSeno 
treen the mean temperature of two dajB in the month of Ma; in siity years. 

The day of the moath whose mean temperature has been aabjected to the greateat difle 
3i°'G, WH the 14th i and that to the least, ig*'5, wm the and. 
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he mean temperature of the ooldeet dn; in June ii 
be mean tempeiatore of the bntteat day in Jane i 



■iity yewB wm 4 f-$, on the 9th day ia 

% »iity years was 76'''9, on the i6th day 



De diflerenoe between these nambeTs is ]3'''4, and it repreeentB the extreme difTeientie be- 
in the mean temperature of two days in the month o( June in eiity yenrs. 
he day of the mouth whose mean temperature han been subjected to the greatest diSerenoe, 
I, KM the tfitb; and that to the least, i8''-g, naa the 13rd. 
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The mean temperatnre of the coldest day in Jol; in aiily jears was 47*'-7, on the loth 
the jeai 1836. 

The mean temjieratnre of the hottest day in Jolj in siit; years waa 79°'!. on the 24I 
in theyenr 1818. 

The difference lietweentbesennmberB is 3i'''5, and it leprespnts the extreme difference b 
the mean temperature of two days in the month of July in sixty yean. 

The dsy in the month vhoee mean tcmperataie has been subjected to the sreateat diS< 
>5°'9t *^ ^' 18th; and that to the least, i7°'g, was the lotb. 
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TABLE Vin.— AUQDST. 
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h« mMui temperatnra ot th« ooldeet da; in Angiut in ciit? jeuB vat 4]''-i, on ths yei day 
hejeat 1833. 

hs mean temperature of the hottwt da; in Aognat in siit; 7ean was 75°-5, on the 14111 da; 
he yeai 1867. 

he diflsrenoe between these nambers is 32'''3. and it represents the extreme difference be- 
in the mean temperatore of two days in the month ol Aagn't io aiity years. 
he d^ of the mooth whose mean temperature has been sabieoted to the greatest diHerence, 
J, waa til* Mth ; and that to tha least, ii°-5, waa tbe ^tk. 
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The mean temperatnre ot the eoldeet it,j in S^tember in sixty years waa 4o''-7, on th« itt 
day, in the year 1 814, 

The mean temperalnre of the hottest day in September in siit; years waa 73°-;, on the nl 
day in the year 1824. 

The diffsreiice betveen these nambera ie ]2°8,aDd it Topreaenta the eilreme diSerenMt*- 
tireea tbe mean temperature of two days in the tnuntb of Stptemlier in siity years. 

The da; of tbe month vhose mean temperature has been anbjeoted to the greatest 
3l°-9, naa the and; and that to the least, i6°-i, was the ajid. 
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i» 28°'4, OD the 19th daj 

n the 4tli day 



he mean temperatare ol th« ooldest daj ia October in aiit; jetae w 

liejeu 1836. 

he mesn temperotaiv of tb« botteat da; in October in eiit; y eare was 6e°-S, 

IB year 1859. 

IB difference between tbeee nnmbera in 3J°-4, and it representB tbe Bitrame differenee be- 

n tbe mean temperatore of two days ia the montb of Ootober in sixty years. 

M day ol the month whose msAn tempeiatiue bu been gubjeoted to the greateat diJTerence, 

:, WM the agtb; and that to the least, iS°'S. ^^ ^b >'th. 
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Tbe mean temperatoM of Iha eoldert da; in Nortmbec in ifit; yean wm 3]°'4, on tba m)^ 
da; in the year 1816. 

The mean temperatnre of tbe botteat day in NoT«mbm in aiitj yean waa ;9°-7, on tht w 
day in the year 1821. 

The difference between these nQtebera it 3G°'3, anit it repreaentH the extreme differenNW- 
tween the mean temperature of t^o daj-s in the mouth of November Id dily years. 

The day ol tbe month whose m-'an temperature has been anhjeoted to the gieatsat difl*iV*i 
}0°-5, was the 14th; and those to the least, ]i°'3, were the 4th, jth and 14U1. 
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TABLE XII.— DECBMBEB. 
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l>«eembar in aiity yeva wm ii°-4, on th« 24th 
S£°-i>, au the 7th daj 



Fbe mean tempeTatore of the ooldsat day 

r in (be year 1830. 

rbe mean tamperatni« of the hottest daj in December in sixty jeara 

the year iSj6. 

Ehe Uifference between theae nnmben is ]7°-6, and it represents the extreme diflerence be- 

3en the maan lempecatuTe of two days in the month ot Deoember in iixQr years. 

rbe day of the month whose mean temperature luM been mibjeoted to the greatest diSerenoe, 

''5, WM Um S5tlii and that to the least, 33*^5, was the jrd. 
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UMn Tempenttore of ever? Dkj in the Year, ■ 
kt tlis Boynl Obserratoiy, Qreenwich, i 



dedaced bom tha ObMoratiaiu UkeQ 
i the silt; yeui ending 1873. 
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Ih« Mean for the Tsu = 



From an mspection of Table XIV. it will be seen tbat daring the portjon 
of tbe year of inoreiieing temperatnre, the sign ( — ) appears frequently, and 
that in the other portion the sign (-f) bIbd appears, bat not so frequently: 
The most remarkable periods affected with successive ( — ) signs in the 
former portion, are February 8 to IS; March 4 to 10 ; Uay 7 to 14, and 
Jane 14 to 18 — both days inclusive ; and in the latter, the first instance of 8 
eoiseoative (-+■) signs h^etber is September 1 to 8 ; and there is another, 
November 20 to 22 ; there is a sequence of 4 (4.) signs from December 18 
to 16 ; and in no other case is there a sequence of more than two. 
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It will also be icun Lhat in every month differences appear as lAj;ge u 1°, 
d iu some months as large ui l°-5. By collecting together the nanabers in 
able Xir. the following Table XV. was formed :— 
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From Table XV. we leam that in three months, viz. Jane, November and 
December, the temperatore of no two consecatiTa days is alike ; that in each of 
the montbs of January, April and Joly, there is one instance uf the same mean 
temperatore on two consecutive days ; that in March, Uay and September, 
there are three such tDstances in each month ; that there are foor in August, and 
five in February and October, viz. 26 instances in the year. In the year 
there are 46 instances in which the differences amount to Cl°-1, of which Jth 
part or 12 are in Janaary ; there are 48 instanceB of 0°-2, which are nearly 
equally distributed over the year ; 41 of 0° 8 ; 46 of 0°-4 ; 39 of 0°-5 ; 24 of 
0°-6; 27ofO°-7; 15ofO°-8; 14ofO°-9; 16of l°-0 ; Uofl"!; andSof 
l°-2, or greater than 1°'2 ; of these, two, viz. June 30 to July 1, and November 
22 to 28, are as large as 1°'6 ; and tvfi, viz. April 8 to 9, and November 26 
to 27, amount each to 1°'4, In November there are 7 instances of which 
the difference of temperature between two oonseoutive days amoonts to <a 
exceeds 1°'0. 

With ap many large dlfferenoes remaining after 60 years, it is evident that 
a very long eeries of obserrations would be needed before the mean tem- 
perature would proceed progressively. It becomes a matter of a good deal of 
interest, however, to examine in some detail to what extent the large 
differences that originally appeared in the 48 years' results have been 
afieoied by the addition of 17 years' obsBrvationa. 

Th* rwnlts are shown in Table XVI., the first division containing instances 
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in which the differences fonnd in 48 years* ohservations haye decreased by 
0°'4 at least by the addition of 17 years ; the second division, those in which 
they have decreased by 0^*8 at most ; and the third division, those in which 
the differences have remained unchanged or have increased. 

From the first division in Table XVI. we see there are 25 instances where 
the average difference between the mean temperature of two consecutive days 
from 43 years* observations was 1^*2, decreasing by 7 additional years* 
observations to 1^*0 ; and still further decreasing to 0°*7 from 60 years* 
observations ; in the second division there are 28 instances where the average 
difference between the mean temperature from 48 years* observations was 
1^*2, decreasing afler 7 additional years to 1° 1, and by the addition of 10 
years more to 0^*9. But in the third division there are no less than 23 
instances where the average difference of temperature of two consecutive days 
was 0^*8 after 48 years* observations, increasing to 1^*0 from 50 years, and 
remaining the same, viz. 1^*0, after 60 years* observations. Some of these 
are remarkable — for instance, between the 8th and 9th days of April, from 48 
years* observations the difference was 1^*2, after 50 years was 1^*3, and afler 
60 years it is 1°'4. 

It appears, therefore, that there are 58 cases in which the difference hafl 
decreased, and 28 where it has increased by the longer series of observations. 
Upon the whole, there is a gradual tendency towards uniformity ; but the 
improvement is slow, and from the number of cases of increase in the large 
differences, wo may infer that it would take a great many years of additional 
observations before the results would flow in a continuous curve. Indeed, 
it is all but certain that before such would be the case, the amount of change 
in the climate, continually progressing, would alter the general form of the 
curve, and if so, it is possible that a much greater number of years than 
that now used could not be combined with advantage. 

This point is I think important, and the results are, speaking generally, what 
we should be inclined to expect. If from the 48 years* observations we have for 
any two consecutive days a mean difference of a, the most probable valne of this 
difference after the addition of 17 years* more observations is }} a, and if fi 
denote the difference as derived from the 17 years* observations, then if /3 be 
after the same sign as a and greater than a, which is clearly a case which 
may well occur, the difference is increased. Of course this merely amounts 
to noting how slow is the progress towards the truth of results obtained as 
means, after a certain point, unless the additional observations be much 
larger than those already employed, viz. given the means of n observation, . 
we do not improve matters greatly by the addition of m additional observa- - 
tions, unless m is large relatively to n. From what has gone before we see ^ 
that although on the whole we have, as we ought to have, an improvementi ^ 
yet this is not very marked. 

The change in the character of the climate, as shown by a comparison 
the years near the beginning and near the end of the period considered, u 
decided, and as intimated above, it is questionable whether the increased con* 
tinuity gained by including friture observations, will really be an additioi 
advance towards the object in view. 
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In Table XVH. it will be Boen that the coldest days in the year on tbe 
aveTBge are January 8 and 9 ; the temporatore then bIowIj increases from 
its lowest 86°-2, at the rate of about 0°-I per day, to 8S°-1 on Febroary 6, 
amd remains at this Talne till the/9tb; the inoreaee is here checked, 

TABLE Zm. 

Showing the adopted Mean TamperatnTe of every it,y in the jeu, as determined (rora 
all the Thermometrioal Obeerrationi taken at the Boyal Obserratory, Qteenwieh, 
in the yean 1814. to 1873 (inolnuTe}. 
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The Mean for the Tear ^ 49°-! 



and a decrease of abont 0°-07 per day for 6 days takes place to 86^'7 
on the 16th; from the 17th it increases at the rate of abont 0°'12 
per day to 40°-6 by the 8rd of March; ie stationary at 40°-6 till the 
9th day, then alonly increases to 42°-l by the 24th, and increases more 
qoioklj to 44°-8 by April 4 ; tbe rata of inoreaae is then slower for aeveral 
days, bat proceeds more qdcUj from the 17tbi viz. at abont the rate of 
Nxw sBBiss. — VOL, m. a 
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0°-2 per day ; and still more rapMly nt the end of April and beginning of 
U&y, at the rate of 0°-8 or 0°-4 per day, to S1°G on tbo Gth May. The rato 
of inonue is here saddonly checked, and the temperature declioes day by 
day to 61°-1 by the 12tb and ISth. From the 14tb of May a etoadj increase 
Hta in, and eontinnes at the rate of aoniothing more than 0^*2 per da; to 
61°'8 nsBT the end of June, when a alight decline takes place, the 
tanpwitnre at the beginning of July being a Uttle lovrer than at tbo end of 
JoD*, it then slowly increases to the hottest days in the year, viz. G2°-7 
m July Ifi to 17. From this time to the middle of August the changes 
<rf tamperatare are very small, and the decrease of temperatoro from the 
mazhnam to the 16th of Angnst is leas than l°-6. A quicker decline of tern- 
paratnra then takes places, and continaes with very slight checks to 42^-8 
about Uia middle of November, thence to the 6th of December the tem- 
^txwbm undergoea very little change, but it then declines to S7°'2 at the 
and of the year, and to the minimum temperature on January 8 and 9. 
^nia HTonl oheoks to coutinuoaa increase of temperatnro whilst passing 

TABLE XVm. 
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from the miDimam in January to the maximam temperature of the year m 
July, are remarkable ; the declining instead of increasing temperature in 
February, is possibly relative only; it is probably due to the great inerease at 
the end of January and beginning of February. The decline about the l(Xh 
of March and 10th of April are both preceded by rather high temperatures, 
as is that at the end of June. The most remarkable check is that in May ; 
it seems probable that this represents a physical fact due to some 'astro- 
nomical or other cause. The declining branch of the dure from the 
period of maximum to minimum temperatures is much more decided, and the 
checks to its decline are very much less than in the ascending branch till the 
middle of November, when the check is very remarkable indeed, as for nearly 
three weeks the temperature is almost constant, when the decline again sets in, 
and continues tiU the minimum is reached in January. 

In Table XYIQ. the mean temperature of the year being represented by 
1*000, we see that the mean temperature of April 29 is the same as that of the 
year. For no other day is the mean temperature denoted exactly by lOOO, 
but for October 21 it is 0*998, differing so little that we may consider this as 
the second day of mean temperature ; the smallest numbers in the table 0*787 
appear on January 8 and 9, and the largest 1*277 on July 15, 16 and 17. 
Assuming the day of lowest temperature to be January 8i, and that of the 
highest to be July 16, the number of days from the lowest temperature tiU 
the mean of the year is reached is 110^ ; from the mean to the highest 78; 
from the highest to the second day of mean temperature 97 ; and from this 
day to the lowest 79^. Leaving out of consideration April 29 and October 
21, as being equal to the mean, there are 176 days in the year which are above 
the mean annual temperature, and 187 which are below it. The number of 
days during which the temperature is increasing from its lowest value, January 
8 and 9, to its highest value July 16, is 188^, and the number of days from 
the highest value to the lowest is 176^^. So that the gradual rise of the 
temperature in the year occupies 12 days more than does the decline. 



DISCUSSION. 

Dr. Tripe said that the Society must feel much indebted to Mr. Glaisher for 
his Paper, but as regards the Table of Mean Temperature, he thought that the 
object for which observations are taken is not merely to obtain a mean, but to 
a^ certain if there has been at different periods any marked departure from the 
average. He considered that short periods were better for comparison than long 
ones, and that, therefore, the curve for 10 years would be better if it stood alone 
than when combined with the previous 50 years. As Mr. Glaisher himself pointed 
out, a true mean has not yet been obtained, and, therefore, it would be moie 
useful to have the means of 10 or 20 year periods. 

Mr. Park Harrison said, that he had occasion to make use of the first series 
of Daily Mean Temperatures (for 43 years) soon after they were published, and 
found tnem to be of extremely unequal value ; the only means absolutely to be 
relied on being those that were derived from the bi-horary observations taken ia 
1840-47. The system of correcting temperatures for dailjr range by uniform 
quantities for four successive weeks, and then abruptly changing the amount of the 
correction to twice the quantity for the next four weeks, &c. appeared to him to be 
indefensible : — This, apart from the entire insufficiency of the oasis on which the 
system was formed. He could not understand why Mr. Glaisher should not have 
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xn»dfl nee of the photographic traces, at any rate, say, for 3 hours of the night. 
If this had been done, he had no heEitation in saying that many of the dally means 
3n these tahlea wonld have been found to be incorrect by more than 2^. The 
_J^tronomer Royal in a late Report had recognised the tact that the system so 
long followed at Greenwich was erroneous ; and he (Mr. Harrison) tnuted that 
laefore long a corrected series of daily means would be issued. 

Mr. Sykons stud that he was not an advocate for the use of corrections for 
^umal ran^, but he thought that the (ireenwich ones were applicable not only 
"to obaervationa at Greenwich but throughout the Home Counties and in tlte 
"watershed of the river Thames. He was not sure that it was desirable to work 
-with long periods of observations; he himself had worked with decades, as he 
considered them preferable to long periods, better suited for comparison and, after 
all, could be combined as required. 

Mr. Makriott said that it was evident that the corrections for diomal range 
mentioned in the paper could not have been used for the whole of the period, aa 
they were not published till 1867. Those Tables had not been adapted at alt at 
the Royal Observatory, bnt the observations were corrected by the factors given 
in Table IV. of Mr. Qlusher's Paper in "Phil. Trans." No mention had been 
made in this or the two previous papers of the position and exposure of the 
thermometers employed. In the " Greenwich Observstions" for 1846, it was stated 
that " a post was planted iu the year I84I in the north-east re-entering angle of 
the Magnetic Observatory, about six feet from the walls of the building, and upon 
this a revolving frame was placed for carrying the thermometers. The post re- 
mained in this position tUl 1846, July 20th, and on July 22nd it was planted in a 
Sisition 23 feet south of the south-east angle of the south arm of the Magnetic 
bservatory." It continued in this position till 1863, when it was moved 12 feet 
further south. He did not consider it fair to combine the whole 60 years' observa- 
tions together, as they had not been made on the same plan, there having been 
no lexB than seven different series of observations. The maximum and mioimuni 
obaervations prior to 1841 were also so discordant that they had to be rejected, 
consequently the observations up to that time must have been corrected by cert^n 
Arbitrary valaes, quite independent of the dally range of temperature. He 
had extracted from the " Greenwich Observations " the monthly mean maximum 
and minimum temperatures from 1848 to 1872, to see if there haa been any change 
in climate during that period. This interval had been selected, as it could be 
broken up into five periods of five years each, and as the observations had been 
taken on the same plan throughout. 
The following are the means for the five-yearly periods : — 
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The year 1S55 being remarkably cold, has reduced the mean for the second 
period, while the year 1868, being very warm, has increased the last period, 
otherwise there appears to have been iitlle, if any, change, in temperature during 



the Royal Observatory had been slightly changed two or three times in order to obtain 
better exposure. He thought that too much reliance ought not to be placed upon 
the results deduced from tbe observations made prior to the year 1840, as altliough 
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the observations had been for the most part carefully made (he believed by Mr. 
Belville principally), yet they were scan^, and had not been made reguUriy. 
The diurnal range corrections in use at the Koyal Observatory were those derived 
by the use of the factors given in Table IV. of Mr. Glaisher's pi4)er, " PhiLTraM." 
1848, as had been stated by Mr. Marriott, and corrections as derived by this 
process had been systematically employed in the reduction of the obserwoiu 
since the year 1854. He agreed with tiie preceding speakers that long periods of 
observation were not necessary for the deduction of valuable results, and con- 
sidered that had Mr. Glaisher confined his Investigation to the observatioiu 
made since the establishment of a regular system in 1840, better and smootiier 
results might have been obtained. 



XVllI. On the Meteorology of Mozufferpore, Tirhoot, for 1875. By C. N. 
Peabson, F.M.S. 

[Beceived March 18th.— Bead May 17th, 1876.] 

TntHooT is a district of North Behar, situated in about N lat. 25^, oon- 
sequently it is just oat of the tropics. It has a decidedly continental climate, 
as will be evident from the great range of temperature between the hot and 
cold months, as also between day and night daring the winter and spring 
months. 

The year may be said to be capable of division into three marked seasons, 
viz. the hot season, from about 15th of March to the 16th June ; the rainy 
season, extending from 15th June to October ; and the cold season, begimiing 
about the 15th October and lasting till March. 

The climate may be held to be strictly tropical only daring the rainy season, 
when the range of temperature is small, extending in average years between 
75° and 90°. 

The rainfall of the district may be taken to be about 50 inches, on an 
average of years ; but it is very irregular, as will be seen by a comparison of 
the rainfall of the last six years — 

1870 79-78 inches. 

xOtx *•• ... ... ... ... o4*^JL ,, 

1872 52-50 „ 

XOf O ..• ... ••• ... ... ^c/*UO ,1 

XOfTK ... ... ••• ... ..t 4:0 Jul ,■ 

1875 • • 86*58 ,, 

It may be noted parenthetically, that the abnormally small rainfall of 187S, 
coupled with the very early cessation of the rains that year, was the cause oi 
a famine, felt very severely in these parts in consequence of the loss of the 
rice harvest from drought. The small rainfall of 1875 also caused local 
scarcity. 

The general directions of the wind are a compound of the West from 
October to March, and a compound of the East during the rest of the year. 
North and South winds are very rare. The East wind is in reality the SW 
monsoon, which, after passing up the Bay of Bengal, and over Lower Bengal 
as a S wind, impinges upon the Himalayah mountains, and is by them turned 
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oat of its course, and passes along the valla j of the Ganges as an East wind. 
It is this wind that ushers in the rainy season, and blows during its con- 
tinuance. Its characteristics are, as may be supposed, heat and damp. The 
West wind is of an opposite character to the above — it is essentially dry and 
bracing ; during the cold months it gives fine clear weather, with cold nights, 
and occasionally in January even white frost. From March to May when it 
blows, it is termed ** the hot wind ;** it raises the temperature by day to from 
95^ to 105^, and is extremely dry and hot, causing furniture to crack and 
books to warp; it never blows at night, and frequently after a hot wind the 
temperature at night will fall to 60° or thereabouts, with a calm and serene 
atmosphere. 

The contest during the hot season between this wind and the damp East 
wind of the approaching monsoon, gives rise to storms called ** North 
Westers,** owing to their rising in the North West quarter of the heavens. 
The storm is at first accompanied by clouds of dust, which sometimes make 
it almost dark at midday, and is frequently followed by heavy rain, sometimes 
hail, and always by thunder and lightning of great severity at times. 

The year 1875 was in some respects abnormal: January gave a rather 
severe thunder and hail storm on the evening of the 4th, an unusual occur- 
rence at that season. White frosts occurred on the 22nd, 28rd, 24th, 28th, 
and 29th. February, March and April were seasonable. May was cooler 
than usual, and distinguished by several severe North Westers ; that of the 
16th was especially violent. June was very hot, and the monsoon was rather 
late in setting in. The last week, between the 20th and 26th, gave 16 inches 
of rain at Hajippre, a place only 34 miles south of this, whereas here the 
rainfall was only 8*67 inches, and at Sitamurhi, about 85 miles north of this, 
it did not exceed 1 1 inch. This is an instance of the extreme uncertainty of 
the rainfeJl, even at places near each other. This is much more evident 
in India than in England, owing probably to violent local thunder showers 
there. July was extremely hot, and in many places scarcely a shower fell 
between the 6th and 27th ; this in July, usually the most rainy month of the 
monsoon, is very unusual. August and September were seasonable. Though 
these months are distinguished in many parts of India by heavy rainfall and 
severe floods, the rain was here about the average in August, and considerably 
below it in September. The rainy season ceased abruptly on the 26th 
September, and at this place not another shower fell to the end of the year. 
The same was the case throughout the whole of Behar and at a great many 
places in Bengal. There were indeed local thunder showers on the 16th and 
28rd October, but they were extremely partial. 

One of the most remarkable features of the year 1875 was the extremely 
unequal distribution of its rainfall, places within short distances of each 
other exhibiting extraordinary discrepancies. 

Hajipore ... ... ... ... ... 56*26 inches 

Mozufferpore ... ... ... ... 86-68 

Durbhunga ... ... ... ... ... 48*57 






Sitamurhi ... ... ... ... ... 26*07 



>> 
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Of the above stations, starting from this place (Mozofferpore), H^jipore lies 
84 miles south on the banks of the (Ganges, whilst Sitamnrhi is about the same 
distance in the opposite direction towards the Himalayah moon tains. 
Dorbhnnga is also abont 84 miles distant in an easterly direction. This year 
Hajipore on the Ganges had no less than 80-19 inches more rain than 
Sitamnrhi, chiefly owing to the extraordinary local fall there between the 20th 
and 26th June above alluded to. It may be stated that the general course 
of the monsoon rains is to fall in greater abundance in the sub-Himalayan 
tract of country in which Sitamurhi is situated. This year the usual course 
was reversed, and the valley of the Ganges received abundant rains which 
indeed extended with violence into the north-western provinces, and even to 
the southern Punjab: at Delhi 87 inches of rain fell between the 5th and 11th 
September, being no less than 10*98 inches in one week more than fell at 
Sitamurhi throughout the year, and 0*42 inches more than feU at MozufTer- 
pore. The consequence of this great local rainfall was, as may be imagined, 
violent floods in those provinces ; the Ganges had one of the highest floods 
yet known, and other rivers were proportionally high, whereas ii^ the sub- 
Himalayan tracts, notably Dinagepore, Pumeah, Modhoobani, and Sitamurhi, 
the lightness of the rains and their early cessation caused a fsulure of the 
rice crop, amounting locally to |ths of the crop. The extremely limited area 
of this failure in the staple crop has prevented its assuming anything like 
the proportions of the famine of 1878-74, when the failure was general 
throughout Behar. In Calcutta the rainfall was 59 inches in the year, being 
about 8 inches below the average, and the rice crop one of the best ever 
known. 

One thing will strike English observers as remarkable, and that is, the 
range of the barometer as compared with English observations.* As a guide, 
indeed, to coming rain the barometer in India may be said to be worthless, 
except indeed in case of the approach of a cyclone. The barometer ranges 
low during the monsoon months, averaging about 29*55 inches, and in the 
cold season it ranges about 0*8 inches higher ; but there is no perceptible 
depression before heavy falls of rain, or before storms, as in England. 

I may state in conclusion that my self-registering thermometer is one of 
Negretti and Zambra*s, and is placed on the north side of the house, at an 
elevation of about 5 feet from the ground. The rain gauge also is by the ^^^^ 
same makers. The barometer is an aneroid, and an instrument which I have ^^'O 
always found very accurate. I have not a standard barometer with me. 



*ThiB paper was accompanied by Tables of Daily Observations of the Barometer 
Temperature, Wind, Bain and Weather, which have been deiiosited in the Libraiy 
reference. 
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XIX. The CUmate of Scarborough^ By Fbangis Shaw, F.M.S. 
[Beoeived April 8Ui.^Bead June 2lBt, 1876.] 

IBefobs proceeding to offer some remarks on the mean values of the different 
meteorological elements in the following Table, it may perhaps be well to say 
a few words on the position of the instmments, and of the town itself. 
Scarborough is situated in lat. 54^ 11' N long. 0^ 28' W, in the recess of a fine 
bay on the north-east coast of England, and contains a resident population, 
estimated up to the present time, of about 27,000. It is bounded on the 
east by the German Ocean, and on the south by a steep hill (Oliver's Mount), 
the summit of which is 500 feet above the sea at one mile firom the town. A 
valley runs out to the south-west, from which point to the north-west ranges 
of hills extend, rising somewhat irregularly from the town till, at a distance 
of from two to three miles, they attain an elevation of 600 feet above the sea 
level. To the north the counti*y is more open and even. 

The instruments were all supplied by the Meteorolofi^cal Office, and have 
been vevlfied at Eew. They were placed during the whole of the period in 
a louvre-boarded case, and fixed to the side of a stout wooden structure used 
as a photographic gallery, having an open grass-plot in front of them, with 
a north aspect. The gaiden is about mid- way between the north and south 
sides of the town, and 150 yards from the shore ; and as both residents and 
visitors are continually passing to and fro along this line, the thermometer 
observations may, I think, very fairly represent the correct temperature of 
Scarborough as a watering place. 

The instruments are 115 feet above sea level, and 4 feet above the ground. 
The rain gauge (Sin. diameter) is 180 feet above the sea, and its rim one 
foot above the ground. The whole of the instruments are annually inspected 
by the Director of the Meteorological Office. I may add that at the com- 
mencement of the present year the thermometers were placed in a Stevenson 
screen in the middle of the garden, 40 feet from the wall screen ; and a 
careful comparison between the two situations made in January and February 
showed that out of an average of 46 and 48 observations respectively, 
the instrument in the 'Stevenson* read only 0^*15 for the former month, and 
0^*19 for the latter, higher than that in the wall screen. 

The mean temperature has been deduced from the daily maximum and 
minimum readings, without the application of any other corrections than 
those for the scale errors of the instruments. 

The temperature observations are derived from an average of the last 
eight years, viz. 1868 to 1875 inclusive ; the rainfall is from a ten-years' 
average (1866-1875) ; and the wind direction is the result of a five-years' 
average, also ending with 1875. 

The maximum temperature on any day in July — the warmest month — does 
not exceed on the average 78^*0, the highest in the eight years being 85^*5, 
which occurred in 1868. 
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The mean of the monthly minimnm readings in January — the coldest 
month— is 24^*2, the lowest during the whole period being 18^*3, registered 
in 1875, on the first of the month. 

The monthly range varies but little for the different months, the greatest 
being 80^*8, in July, and the average for the year 27^*6. 

The day temperature rises from 42^*5 in January by very small increments 
to 46^*1 in March, thence by steps of about 5^ each through the intervening 
months up to 66°*7 in July, from which point it falls by successive stages 
through the autumn months, though not quite so regularly as in its upward 
course, down to 42^*5 in December, being the same as that for January. 

The night temperature performs a similar curve, thoDgh it neither rises 
nor falls quite so rapidly as the day temperature. 

The daily range is the smallest in December, viz. 6°'9, and is indeed very 
moderate for both the autumn and winter months, the average from Sep- 
tember to March (inclusive) being 8^. The greatest variations take place in 
the spring and summer, yet the maximum, which occurs in July, is only 
12°-6. 

The mean temperature for the different seasons, commencing with De- 
cember for the winter quarter, is as follows : — winter, 89^*2 ; spring, 46^*2 ; 
summer, 58^*4 ; autunm, 48^*5, the last named being a fraction over the 
mean for the year. January shows the coldest with 88^*8, the highest being 
July with 60^*4, and the next, August, 1^*5 below July. One of the principal 
causes operating to bring about such a moderate and agreeable summer 
temperature is of course the close proximity of the town to the ocean, which 
in the warmest month of this season (according to the records of the 
Scarborough Philosophical Society, dating a few years ago) is about 5° below 
the air temperature. Another rather noticeable fact is, that in hot weather, 
with a tolerably clear sky, and a temperature between 8 and 9 a.m. of about 
60°, rising to a maximum during the day of nearly 70^, the wind, which in 
the morning is blowing from the SW or WSW, generally backs to the SSE 
by the middle of the day, bringing in a cool refreshing breeze from the sea. 
This backward movement of the wind is easily accounted for, when it is 
remembered that with such a high temperature and an almost cloudless 
sky the ground becomes much heated, causing the lower stratum of warm and 
rarified air to ascend, while the cooler and heavier air is then drawn in from 
the sea to supply its place, the resultant wind for the remainder of the day 
being a gentle SSE breeze, generally of force 2 or 8 (sea scale), which 
resumes its normal SW direction during the night. The sea air, too, 
containing as it does a good deal of moisture, has, I believe, been shown 
by the Bev. F. W. Stow, in his investigations " on the absorption of the 
sun's heat rays by the vapour of the atmosphere " (Vol. 11. p. 241), to be 
accompanied by a much less powerful sunshine. I think this particular 
movement of the wind in hot weather, and the cooling effects arising there- 
from, have scarcely received due recognition at the hands of some writers, 
who, when they refer to places on the east coast, apparently imagine that 
those localities in smnmer receive nothing but the hot dry winds from across 
the country so long as the south-westerly current continues to prevail. 
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The anttunn and winter temperatore is also mnch influenced by the sea on 
the one hand, and by the shelter afforded by the sorroimding hills on the 
other. The sea temperature appears to be about 6° wanner than the air in 
autumn, and 8^ higher in the winter season, while the preyailing winds are 
south-westerly, and not felt in their full force. 

The annual rainfall for the last ten years is 28*29 inches, descending in 
measurable quantities of not less than '01 inch on 167 days. Adopting the ^ ^ 

previous division of the year, the amounts, arranged in ord^ firom the ^^e 

smallest upwards, are as follows: — spring, 5*06 in. on 88^ days; summer, ^*^. 

6*76 in. on 85 days ; winter, 6*91 in. on 47 days ; autumn, 9-56 in. on 46^ ^ u 
days. 

As to the wind directions, it will be seen that in the winter quarter *x:sr 
the southerly current blows almost exactly three times as long as the ^^Me 
northerly one, but that the polar wind begins to increase from February till XXiU 
it overbalances the other in April, and reaches its maximum frequency in May. -"^r. 
In July the equatorial current again predominates, and continues up to the ^^.me 
end of the autumn to be about double that of the polar. 

The spring, therefore, appears to be the least favoured season so fiur as 
regards the east coast. The air temperature is low, and that of the sea for 
April and May a trifle lower still ; the proportion of north and east winds.^s Mb 
is greatest ; mist and fogs are more frequent ; and thunderstorms attain ^"^^Jb 
their maximum in June, the average being about two for that month, and.E» -d 
one and a half for July. In all other respects, however, the climate seems ^3k-^ 
to be equable and salubrious. 

The average number of times that the screen minimum thermometer 
been below freezing is 81. The greatest number was 52 in 1870 and 1871 ;s 
the least was 18 in 1868; 

The number of times the maximum has not risen above freezing dnrin^^^ -^^g 
any part of the day is 1^ on the average per year. The greatest number wiilb ^ ^"" 
6 in 1870. In four years out of the eight there was no instance of it^a^^-^ 
remaining below freezing all day. 

The average number of times the maximum has exceeded 70^ is 16 a year. M^ •^^ 
The highest number was 27 times in 1868 ; the lowest number 4 times ii^cf ^ 
1875. The comparatively small number of times the maximum rises abov»"^^^^® 
70° is probably due to the before-mentioned *' backing *' of the wind here iiK-2 ^ 
hot weather, which brings in the cooler sea air about the middle of the daj ^hgl'^y* 
thus checking the more excessive rises of temperature. 

As regards the rainfall, the wettest year out of the ten was 1872 witK^-^^ 
89*88 inches, and the driest 1878 with 20*02 inches. The Ms are seldoiEtf^^^=^'° 
exceptionally heavy, only exceeding, on the average, 1 inch in the 24 hourr-^-^'^ 
between two and three times in the course of the year. The greatest nombe:^^''^ 
was 5 times, which occurred last year (1875), whilst in 1878 so much as 
inch was never registered at one time. 

The greatest falls attain their maximum frequency in the autumn monthr - 
(September, October and November). 

The effect of the moderate variations of temperature on the humaxr 
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:onstitation may perhaps be better understood by the number of deaths from 
liajrrhoBa and dysentery, and from diseases of the respiratory organs. Taking 
m average of the last four years commencing 1872, when the Reports by the 
kledical Officer of Health (Dr. J. W. Taylor) began to be published, the 
leaths from diarrhosa, &c. have only been 1*0 per 1,000 of the population, 
uid those from respiratory diseases 4*4, the latter including the large 
jicrease resulting from the severe cold of December, 1874, and the first week 
in January, 1875, which nearly doubled the mortahty from this class of 
diReases, the number of deaths attributed to it alone during the first quarter 
of 1875 being 58, against an average of 29 for the previous 8 years. The 
Kverage annual death-rate for the last 4 years has been 18*9 per 1,000. 

Trusting there may be something of interest to the Fellows of the Society 
in this paper, I respectfully offer it as a small contribution to the meteorology 
of the north-east coast of England. 



DISCUSSION. 

Mr. Scott stated that the paper had been sent forward to the Society at his 
rcqaest, as he knew that Mr. Shaw had been discussing his observations carefully 
for several years. The situation of the thermometers was exceptional, being on 
a grass plot sloping towards the sea, and close to it, though at a height of 115 feet 
above it. He considered that the results would not apply to the ,climate of 
Yorkshire generally, as they did not agree very closely with those taken at 
Hawsker by Mr. Stow ; but Uawsker lies at some little distance from the sea, much 
less, therefore, could they be expected to agree with those taken more inland, 
e,g, at York. 

Dr. Tripe was glad to hear a paper on the temperature and other climatic 
conditions of a sea-side place, and hoped that similar ones would be received from 
other health resorts. He regretted, however, that there were no barometric read- 
ings given, but at the same time admitted that, though very desirable, they are 
not so important as those of temperature. Records of daily range of temperature 
are what we require, as these affect health far more than variations in the mean 
temperature. 

Dr. Mann considered that the range of temperature was remarkably small for a 

fJace so far north. No doubt its close proximity to the sea and shelter on the 
andward side contributed materially to tnis result. 

Mr. Symons thought that any climate could be obtained at Scarborough, that 
of the upper part of the town was like Hawsker, while that of the lower part 
closely resembled Bath. He should like to see similar observations from other 
health resorts, but one from each would seldom give a fair representation of the 
climate, as it varied in different parts ot the towns, which were chiefly chosen for 
their rugged situation and picturesqueness. At present, the observations were 
chiefly made by medical men, who having a position to maintain, generally lived 
in the best parts of the towns, where ground was very dear, consequently the ex- 
posure of their instruments was very insufficient. Observations, to be of any 
scientific value, must be made on the same plan and under conditions as Rimilar as 
possible. He instanced Brighton, where the instruments had been placed in the 
old Steyne Gardens, and the Corporation had done every thing in their power to 
make the station thoroughly efficient, but the Medical Officer of Health had at 
present only observed at 9 a.m., and thus the records were not available for com- 
parison with the Society^s regular stations. 
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XX. Notice of Upward Currents during the fomuition and paufige of 
Cumulus and Cumulo- Stratus Clouds, By the Hev. Joseph Geomptok, 
M.A., F.M.S. 

[Beceiyed April 24th.^Bead June 2l8t, 1876.] 

Mr. Espt, the American meteorologist, many years ago fonnded, before the 
Biitish Association at Glasgow, his theory of storms on the occurrence of 
strong upward currents during the formation of Cumulus clouds. His theory 
of the centHpetal nature of hurricanes has not been accepted, but some of the 
facts on which he reasoned have not perhaps received the attention they 
deserved. 

In the year 1866, October 81st, the city of Norwich, where I reside, was 
profusely decorated with flags from every church tower, chinmey-top, and 
available eminence, to celebrate the first visit of the Prince and Princess of 
Wales. Four large banners were hoisted out of the upper loop-holes in the 
cathedral spire, I suppose about 16 feet from the summit, which is 800 feet 
high; on a church, St. George's, Tombland, were hung out a very large royal 
flag, and a very narrow streamer as well. The day after the gay doings of 
civic loyalty, November 1st, happened to be stormy, with frequent heavy 
showers of rain from the N and NE direction. Happening to walk throngh 
the '* close *' below the cathedral, I was struck with the unusual fluttering of 
the high cathedral flags. They were streaming with a strained quivering 
motion perpendicularly upwards all four of them, a heavy cloud was passing 
overhead at the moment, and as it passed the flags followed the cloud, and 
then gradually dropped into comparative quietness. Seeing that another 
cloud was rising in the distance, I waited. The flags were flying in the 
same direction as all the other church streamers, especially those mentioned 
on St. George's Tombland tower, and those at the base of the spire of the 
cathedral itself. As the cloud approached, the upper banners began to feel 
its influence, and streamed towards it against the direction of the wind, which 
still blew as before steadily on all below ; as the cloud came nearer, the 
vehement quivering and straining motion of those flags increased, they began 
to take an upward perpendicular direction right into the cloud, and seemed 
almost tearing themselves from the staves to which they were fastened ; 
again as the cloud passed they followed it as they had previously streamed to 
meet its approach, and then dropped away as before, one or two actually 
folding over their staves. All the other flags showed not the least symptom 
of disturbance, especially the long streamer from St. George's, Tombland, 
blowing the whole time remarkably steadily, and without flickering or 
quivering, as under the influence of a steady breeze, to its very extremity. 

I called the attention of a policeman to the flags without any hint of 
any thing peculiar, and his start of surprise, his instant gaze at the other 
lower church flags, and his question how I accounted for such a strange way 
of flag-blowing, both verified the accuracy of my vision and made me think, 
as often I have done, what an amount of meteorological observation might be 
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sbtained if policemen were but a little educated to observe &ct8 somewhat 
EaboTe the eleyation of area rails in quiet parts of our cities. 

I called oat a sailor friend close at hand, who was equally astonished with 
fche policeman, and added the observation, **If that goes on, those flags will 
ft>e ripped off their fastenings, or will rip themselves to pieces." 

A few days after they were brought down from their elevation, and I was 
offered them for nothing, as they were useless for any future purpose, being 
xiearly torn to ribbons and strips. 

Mr. Espy mentions that he had kites, fastened with wire as well as string 
or cord, torn away by the upward stream of air near cumulus clouds, when 
forming even on a fine day. I can fuUy believe his statements from what 
I saw. 

Doubtless similar observations have been made by other Fellows of the 
Society, though I have never before or since personally noticed the greatness 
of the force existing in the neighbourhood of clouds of a comparatively low 
elevation on what would be termed a day of frequent storms of wind and 
rain. I regret I had no means of testing up the spire the state of the 
currents between the heights of the neighbouring church towers and the 
castle parapets, in all of which the steadiness of the wind made a remarkable 
contrast with the rapid and violent changes so frequently renewed within a 
hundred feet or so above them. 



DISCUSSION. 

Dr. Mann did not think that the movement of the flag described could be 
attributed to any electrical influence. He should rather refer it to irregular and 
gusty currents of wind. 

Mr. Brooke thought that it was wholly the effect of electrical induction. 
The flag followed the cloud, which would naturally be the effect of electrical 
induction ; but he could not understand why a cun*ent of air should follow the 
cloud, or how an upward current could be generated in so limited a space, as it 
appears that lower flags were not similarly affected. 

Rev. W. C. Ley agreed with the electrical induction theory. In the place 
where he was now living he could look down on Leicester, and when cumulus 
and cumulonus passed over that town, the smoke commonly pointed up to the 
cloud. This was especially the case with heavy and dry cumulus travelling from 
polar quarters. 

Mr. SooTT said that Prof. Henry, at the Liverpool Meeting of the British 
Association, stated that he had noticed an upward movement of air during 
thunderstorms near Washington. The passage of such a storm over the country 
is marked by an ascending whirl of dust, which travels along in front of the 
storm. 

Mr. Whipple asked whether the flags were equally distributed round the 
building ? The whole phenomenon seemed to be an electrical one, for it would 
require a current of wind at a high velocity to invert the flags, and it did not 
appear clear how such a current could be generated in the few feet between the 
upper and lower flags, without some indications being exhibited by the latter of 
Its presence. 

Dr. Mann said that the flags, being made of heavy bunting, and at the time 
saturated by rain squalls, would require a great force to raise them, much more, 
in his opinion, than could be accounted for by electrical induction. Electrical 
induction produces movement in light flocculent substances, not in heavy water- 
aaturated masses. He had never seen any effect of this character electrically 
produced with flags ; and should certainly be very cautious in considering that 
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the effect described was so produced under the circumstances here detailed. T*^^^ 
nature of the motion spoken of in the flaes, '* straining violently/* was that ^^ 
movement produced by gusty and fitful wind, rather than that of a steady tensi— ^ ^^ 
such as would characterise electrical induction. 



XXI. Suggestions on certain Variations, annual and diurnal, in the Hel 

of the Barometric Gradient to the Force of the Wind. By the Be^^aey. 
W. Clembnt Let, M.A., F.M.S. 

[Beoeived May 11th.— Bead June 2lBt, 1876.J 

I HAVE been for some years engaged in preparing a Paper on the Me^es^an 
Relation of the Barometric Gradient to the Wind's Velocity, which will shorl^^Bj, 
I hope, be laid before this Society. That Paper will contain tables of t^IZ2ie 

mean velocity of the wind, corresponding to each barometric gradient, for ea ^ 

direction of the wind, at each of the seven Observatories in connection w^Lih 
the Meteorological Office where the self-recording instroments are in use ; a-:^d 
in it I propose to discuss the degree in which the relation of gradient to wir^-^i- 
force is affected by variations in the curvature of the isobars and by oiks^^r 
elements. 

Soon after commencing to handle the materials for that work I was strA^sk 
by a phenomenon, which it seemed desirable to make the subject of a separ0-to 
paper, both as of importance in itself, and as likely, without the light oT & 
previous discussion, to affect the value of the more general results. 
mean velocity of the wind corresponding to each gradient is much higher 
summer than in winter. This is the case at all stations (though not equally}* 
with all winds,* with all lengths of radius of isobaric curvature, and wdtl^ 
all values of actual barometric pressure. 

The elements mentioned in the last sentence are for the present ignoro^- 
In Table I. is given the mean velocity of the wind at Stonyhurst, and in Tmlol^ 
n. that at Eew, accompanying each gradient measured at 8 a.m. in the 0^ 
months October to March, and in the six months April to September ; 'tJ^^ 
period examined being one for five years, viz. from August 1870 to ^1^5 
1875. Stonyhurst and Eew were selected, because the mean velocities ^* 
those stations are not widely dissimilar ; because it seemed desirable to exclv^^ 
the supposition of possible complications arising from land and sea brees^^ * 
and lastly because the seasonal variations of which I am speaking are E^^^' 
ticularly well marked at those stations. 

The data employed for obtaining the gradients were the Dafly Telegrapl^^^^ 



*At snoh stations as Stonyhurst and Eew the polar currents are oonsiderahly 

than the equatorial, with the same gradients (a fact which will be treated of hereaf^^^'* 
But there is no such predominance of polar winds in the summer oompaied with '^^^ 
winter half as would account for the phenomenon under discussion ; and, further^ ^9i^ 
westerly and south-westerly winds proved, on a separate examination, to be (like 'i^ "^^ 
easterly and north-easterly) stronger, in relation to the gradients, in summer ftha^*> 
winter. 
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TABLE I.— STONYHURST. 



Gradient 


Gradient 


Winter. 


Summer. 


i 


per 50 

lantical 

miles. 


per 15* 

nautical 

miles. 










No. of 


Mean Velocity 

in 
miles per honr. 


No. of 


Mean Velocity 

In 


i 






instances. 


instances. 


AAA 

miles per honr. 


Q 


In. 


In. 












•02 


•006 


61 


3-22 


H5 


574 


2*52 


•03 


•009 


123 


4-63 


189 


727 


2*64 


•04 


•012 


140 


5-96 


187 


ii'ii 


5-15 


•05 


•0x5 


168 


IO-33 


144 


14-83 


450 


•06 


•018 


97 


I2-00 


60 


16*29 


429 


•07 


•021 


86 


1309 


57 


18-86 


5*77 


•08 


*024 


79 


15-95 


46 


20*98 


503 


•09 


•027 


50 


21-25 


• 


• 


• 


•10 


•030 


35 


24-06 


• 


• 


• 



TABLE n,— KEW 



Gradient 


Gradient 


Winter. 


Summer. 


1 


per 50 


per 15* 


















lantical 
miles. 


nautical 
miles. 


No. of 


Mean Velocity 

in 
miles per hour. 


No. of 


Mean Velocity 

in 
miles per hour. 






instances. 


instances. 


^ 


In, 


In. 








» 




•02 


•006 


81 


3*89 


129 


6*40 


2*51 


•03 


•009 


122 


5*i6 


"3 


875 


3*59 


•04 


•01 2 


177 


7-61 


219 


11*24 


3*63 


•05 


•015 


137 


11*17 


130 


14*36 


3*19 


•06 


*oi8 


94 


13*93 


73 


16-66 


»73 


•07 


*02I 


84 


15*21 


44 


18*08 


2*87 


•08 


*024 


70 


1802 


31 


20-98 


2*96 


•09 


•027 


43 


20*98 


• 


• 


• 


•ID 


•030 


31 


25-40 


♦ 


• 


• 



* The alteration in the denomination of the Gradient, from so miles to 15, adopted by the Permanent 
nmittee of the Vienna Congress, in order to secure uniformity between gradients aooording to British 
its, and those calculated on the principle of millimetres per 60 nautical miles, had not been introduced 
the time when the data in this paper were collected and discussed. A oolomn is tberefcn inserted, 
»wing the new gradients. 



sports issued by the Meteorological Office. The isobars were in the first 
:ice drawn as accurately as could be done for each day, and the gradients 
stmmentally measured in the direction in which they were steepest over the 
ition, and across as small a geographical space as was in each case 
acticable. Gradients of less value than *02 of an inch per 50 nautical 
iles, and of higher value than '10 of an inch in winter and '08 of an inch in 
mmer, were excluded, as not sufficiently numerous to yield a very reliable 
ean. 

The velocities were obtained by measurement of the anemometrio lines in 
e plates of the '' Quarterly Weather Reports *' up to the end of 1878, and 
ter that date from the *' Hourly Readings " published by the Meteorological 
)mmittee. The variations in the velocity of the wind in consecutive hours 

saw SEBIES.^VOL. HI. T 
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being commonly very great as compared with the alterations in the steepness 
of the gradient in the same time, I have adopted throughout as the velocity 
for each day the mean of the velocities at 7, 8, and 9 a.m. 

Two questions ought to be decided before the existence of Seasonal Varia- 
tions in the Relation of Gradient to Wind-force can be regarded as established : 
Ist. Do the mean values of the gradients at 8 a.m. practically coincide with 
the mean values at other hours of the day ? 2nd. Does the mean velocity 
in the three hours selected bear nearly the same relation to the mean diurnal 
velocity in summer as it does in winter ? 

To the first question an affirmative answer may readily be given. The 
character and amount of the mean diurnal oscillations of the barometer, as 
already known, exclude the supposition of appreciable mean diurnal changes 
in the steepness of the gradients over our Islands. I obtained, however, as 
well as I could, for a long period, from the data in the Quarterly Weather 
Reports, in conjunction with the 2 p.m. Telegraphic Reports, the mean values 
of the gradients at 2 p.m., with the anticipated result that they practically 
agree with those at 8 a.m. 

In order to solve the second question, I obtained for the 19 months Jan. 
1874 to July 1875 the mean velocities at all hours, and found that as regards 
Stonyhurst and Kew the mean of the 7, 8, and 9 a.m. velocities is indeed lower 
in winter than in summer as compared with the mean diurnal velocity ; but 
that this difference is not of a magnitude sufficient to account for the difference 
of the summer and winter relations shown in the above Tables. 

Very intimately connected with the subject of the present inquiry, is the 
question, what are the atmospheric conditions, as regards the mean horary 
velocity of the wind, which characterise the summer and winter seasons 
respectively ? 

The general character of the mean diurnal variations of velocity, as these 
occur at the stations in the British Isles, may be fairly inferred from mean 
horary velocity curves, deduced from the Hourly Readings already issued by 
the Meteorological Committee ; and it may bo described as follows : — 

At the inland stations, in summer^ a slight increment of velocity occurs 
about midnight. This is succeeded by the morning minimum, which takes 
place, in most of the months that I have examined, a little after sunrise. 
The mean velocity then rises briskly until 1 p.m., when the diurnal maximum 
is sometimes attained. A slight subsidence then commonly occurs, but the 
mean velocity rises again at 8 or 4 p.m., and this 2nd increment frequenUy 
forms the diurnal maximum. A great fiEkll then takes place, which is more 
rapid than the rise in the morning ; and the evening minimum, which is in 
most months the diurnal minimum, is attained about 10 p.m. The mean 
velocity at 1 p.m. is, in fine and hot weather, more than double the 10 p.m. 
velocity in miles per hour, and exceeds the diurnal mean by about (rd. In 
winter the infiexions are very greatly modified. The midnight rise is not in 
all months traceable, and the subsequent diminution is not very great. The 
morning minimum occurs about sunrise. The diurnal maximum ta^es place 
about 1 p.m., is less than double the minimum in miles per hour, and exceeds 
the mean for the day by about ^th only. 
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At the coast stations the mean horary curve in summer approximates in 
type to the winter curve at the inland stations, the diurnal maximum being 
attained about 2 p.m., and rarely being double the minimum in miles per 
hour ; and the latter still occurring about 10 p m. Neither is there so 
marked a distinction between the summer and winter curves at the coast as 
at the inland stations. 

So far as I have been able to examine the subject, I must say that I have found 
no very obvious or distinct relation between the mean diurnal variations of wind 
force and those of the temperature of the air. Such a relation, however, 
does seem to exist between the mean diurnal variations of wind force and 
those of the barometer, the barometric maxima being, as a general rule, 
nearly contemporaneous with the anemometric minima, and vice versa. This 
relation is generally discernible in the characteristics of our summer and 
winter inland and sea-coast observations ; for as regards the mean diurnal 
oscillations of the barometer, the p.m. minimum takes place earlier in 
winter, and at the coast stations, than in summer, and at the inland stations. 
It may also be even particularly traced in the mean horary barometric and 
anemometric curves for a period of one or more months at one station, if the 
period selected be free from sudden and great accidental variations of 
pressure (such as are due to the rapid passage of cyclonic disturbances), or if 
the days on which those occur are excluded. 

It is commonly supposed that the force of the wind is due solely to the 
barometric gradient, in other words, to the differences (temporary or accidental 
in onr regions of the globe) in the geographical distribution of atmospheric 
pressures. This conception will have to be slightly modified, if the reasoning 
in the present paper be accepted as correct. In our own latitudes it is only 
by eliminating the accidental oscillations of the barometer that we discover 
the mean diurnal oscillations. And we now find that the atmospheric 
conditions to which these latter are related operate as a kind of co-efficients 
of the gradients in determining the wind's velocity. If this applies, as 
may be inferred, to other districts of the globe, we shall not be surprised to 
find that an equation like Mr. Ferrel's, which takes no account of these 
co-efficients, should give us for low latitudes, where the mean diurnal 
fluctuations are very great, theoretical velocities which are rather too low as 
compared with observed velocities. 

How are we to regard these co-efficients ? Are we to understand them as 
affecting the velocity of the wind irrespectively of its direction, or not ? And 
again, are the mean horary variations of barometric pressure to be regarded 
as the cause, or rather as the consequence, of the increments and decrements 
of motion in the atmosphere ? The temptation to approach these problems 
from a theoretical point of view is strong. They have already been in some 
measure so attacked by Mr. Laughton.* But, in a subject so little investi- 
gated, theory is at present of Httle value, except as guiding observational 

* " Diurnal Variations of the Barometer :'* Quarterly Journal of Meteorological 
Society, Vol. U , pp. 159-163. 
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■tndy. I do not pretend to be able to solve these problems ; bnt I mnb 
iodicato the way in which I think they may be advantageoiuly i 
from the observational side. The data of the invalnabla " Honrlj ReadingB,' "^ ^> 
if thoroaghly worked ont, aa they will be by abler bands than mine, will gcv^S* 
far to settle snch qnestiona, 

F..3. if we obtain the mean horary velocity onrves at any inlaod statioicx^-^^ 
from aH the days tbn>ti(^nt which an easterly current oeemred, and eompa 
tiiem with the corresponding carves of tiie days throt^iont wblefa there ■* 
a westerly wind, we shall at once solve the qnesUon as to whether 1 
exists a westward tranclation of the atmosphere in the morning, and 1 
eastward in the afternoon, arising from causes which are irrespectiTe td t 
barometric gradient. As a specimen of the manner in whieh this may be 
done, I give in the accompanying diagram the mean horary veloei^ enrves tX 
the days of easterly windx (IS8), and of westerly winds (269), at Btonyhorst 
in the 23 months, Jannary, 1874, to October, 1676. 




Diagrani of Mean Hourly Teloeitiea al Bait and Weet Winds. 



The diagram shows that there is no great difference between easterty 
and westerly winds, as regards the hoart of inoremeiit and deorenent at 
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U inland staUon. The contrast ui the amplUade of the TariatioDB is remark- 
able ; and is insnfficientl; (as I think) ae«onnted for by the fact that 58 per 
cent of the days of oasterlj wind, as against 40 per cent, of thoee of 
vesterif , were contribnted b; the winter mcatths in the period examined. 

I have left till last a consideration of a purely d priori character, 
and it is <me to which I attach vary slight importance. VaUat 
fHontum. So fiir as it goes, it tends in nowise to explain, bat solely to 
magnify, the remarkable natnre of the contrast between the seasonal relations 
of gradient and velocity. The period &om April to October nearly coincides 
with the foliage period of the decidnoos trees. It is natoral to snppoHe that 
the growth of foliage exercises a retarding inflnenoe on the wind's velocity, as 
maasnred not only by ill-exposed anemometers, bat by all anemometers in 
tolerably well-wooded districts. An analogy may be drawn from what, as 
Vj. Fronde informs me, is a well-known result of the growth of weeds in 
riT«s ; the vrater is occasionally maintained in summer at its winter level 
wiflly by the increased friction encoontered by the current in the bed of the 
mat. ^We shall expect that an effect of a similar kind, thoogh exceedingly 
^Bfferent in degree, may be experienced by the atmospheric cnnents in 
IT as compared widi winter, at sneh stationa as Stonyhurst and Kew. 

DISCUSSION. 

Mr. Scott said tliat the work upon which Mr. Ley was engaged waa a very 
nportant one. In a diacuiHOn oi the windB near the Equator, which had been 
Doertaken by Captain Toynbee, it was found that there was an eitraordinnry 

lerance between the force of the wind corresponding to each barometric 
,.Adient in that region and that which waa the case in England. The gradienta 
I the NE and SB Trades, moreover, are different, even when cluee together ; 
■ere could therefore be no aimple proportion between the barometric gradient 

d the force of tht wind. Dra. Uohn and Guldberg had been engageu on the 
^^ Aioa and force of the wind for gome time, and their reaulta would be publiahed 
Ikortly. He quoted the following notes by CaptMn Toynbee on the aublect : — ' 
'Perhaps some illistration may be thrown on the anbject by companng the 



egionB of the Atlantic 
tttan in these latitudes, aiih the tame gradient. I am inclined to think that the 
*ifference has varioss causes. 

" let The tropical gradients are mnch more permanent than those of these 
tUitndea. 

" 2ad. ' The tropical gradient! generally extend over a much greater diatance, 
" I would also cnll attention to the fact that from June to October the gradient 
I the NE Trade is steeper than that of the SE Trade lailh lU taou amouiU of 
imd; which is probably caused by a downward current in the north part of the 
[£ Trade (see our diagrams for illustration of this)." 
Hr. Brooke menUoned an inatance of the inllueuce of foliage on the force of 
ha wind. A friend residing on a plateau, above a graBsy slope, partially covered 
1th patches of bruihwood, bad remarked to bim that when the wind was blowing 
the slope, he always felt a considerable diminution ot its force when standing 
JVC a patch of brushwood, although not perhaps very close to it. 
Hr. WHIPPLE Buid that the carve exhibited was somewhat similar in its features 
to titat of the Declination roagnet. The results were cloaaified into two portions, 
summer and winter; and altliough the curves were not ao marked, they bore a 
gnat similari^ to each otiier. He was surprised to see the minimum occur at 
10 o'clock, as it was generally looked for aoout sunrise. He thought that the 
E and NE winds at Kew were not influenced by trees, as there was no obstruc- 
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tion in those directions for more than a mile. The results obtained from 
anemometers at different elevations were very marked. At Kew it was found 
that an anemometer twelve feet above the ground only registered about half as 
much as one on the roof of the Observatory. 

Mr. Scott said that the proximity of trees at Stonyhorst and Kew most.^^^^*&t 
probablyaffected the results obtained. 

Rev. W. C. Ley thought that there might be some relation between the curves^ t^ es 
of tlie oscillations of the wind, and those of temperature, elastic force of vapour^ 
the magnetic variations, &c. as well as the diurnal oscillations of the barometer.' 



e. 





XXIT. De la Vulgarisation par la Presse des Ohservatiom meieorologiquet 
Par Harold Tarry, F.M.S. 

[Beceived June 7th.— Bead June 2l8t, 1876.] 

Un des signes distinctifs du progr^s scientifique de noire epoqne, c'estr^^'^ 
le developpement de plus en plus rapide, la diffusion but one irds-large ^chelle 
des connaissances et des observations m^t^orologiqnes auxqnelles on e 
parvenu a int^resser un public de plus en plus nombreux et attentif. Um— ^ ^ 
r^seau tr^s-serr^ d'observatoires m^t^orologiques couvre la plus grand^^** -^^ 
partie de rh^misphere boreal; des milliers de tel^grammes intemationa 
s'ecbangent entre tons les pays pour T^tude de la marche des tempdtes ; l 
avertissements m^t^orologiques, en yue des besoins agricoles, sent oiganise 
d^jk aux Etats-Unis depuis plusieura ann^es, ils out 6i6 inaugur^s en 
par M. Le Yerrier le 1^ Mai de cette ann^e, et ils sont pres de fonctionne 
dans d'autres Etats ; enffn, les saines notions sur le but et les moyens d*actio: 
de cette science, qui entre ainsi de plus en plus profond^ment dans les habi — 
tudes et les besoins de chaquo jour, se propagent ayec une grande rapidit^S 
et un succ^s toigours croissant. 

Lorsque Ton examine les conditions dans lesquelles 8*est effectu^ ce granS 
mouvement scientifique, on reconnait quo la vulgarisation par la Toie de Isb 
presse y a jou6 un role preponderant. 

Sans doute, les deux grands CongrSs Met^orologiques Litemalionanx de 
Bruxelles et de Yienne ont fait faire k cette science nouvelle des progres 
d^cisifs, Torganisation, dans tous les pays, de services d'averiissements 
meteorologiques envoy^s chaque jour aux ports, a appel^ sur elle Tattention 
des gouvernments et du public, enffn, les observations £utes simultanement 
dans tout Themisph^re boreal et la publication de cartes synopiiques quo- 
tidiennes du temps par TListitut Met^orologique de Danemark, donneront le 
moyen de d^couvrir les lois des variations p^riodiques ou accidentelles des 
elements met^orologiques. 

Mais ces importants progr^s n*auraient eu d^^cho que dans les bqciMb 
scientiff ques, dont les membres se tiennent au oourant, a Taide de publications 
sp6ciales, des r^sultats obtenus, si les joumaux n^^taient venus d'initier 
la masse du public, par des publications quotidiennes, k ces efforts, et 
Tengager k y coop^rer. 

Parmi les moyens adopt^s, la publication de Cartes du Temps et de Z>tVi- 
grammes presentant, a Taide de Courbes^ le tableau synoptique de la situation 
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itmosph^qne snr tout nn pays, on de la Tariation de ses principaaz 
Elements en nn lien donn^, c*e8t-a-dire des r^snltats foomis par la m^t^ro- 
ogie djnamiqne on intomationale, et par la m^t^orologie statique on locale, 
»nt ^t^, k coup siir, ceox qni ont le plus contribn^ k cette diffusion si 
Insurable. 

I. Cast anx Etats-Unis que ce mouTement a pris naissance. Dans ce 
)&ja, grace a on large budget assur^ depuis plusieurs ann^es au service 
Q^t^orologique (250,000 dollars par an), les Weather Maps, publi^es trois 
bis par jour, afficb^es partout et tiroes k un nombre consid^ble d'exemplaires, 
tnt rapidement popularise la connaissance et I'^tude du temps, et I'babitude 
rattacber aux observations simultan^s une signification pratique d*une 
rrande importance. 

En Europe, quatre pays seulement publient chaque jour des cartes du 
Temps : la France, F Angleterre, T Allemagne et le Danemark ; mais, ces pub- 
ications officielles, fiaites par les soins de FObservatoire de Paris, du Meteo- 
'ohgical Office de Londres, du Deutsche Seewarte de Hambourg, et de 
'Institut Meteorologique de Copenbague, ne sont tir^s qa'k quelques 
ientaines d*exemplaires, et les m^t^rologbtes seuls les resolvent; le prix 
le Tabonnement est d^ailleurs ^lev^ (86 /• par an en France^ 1 Uvre sterling 
n Angleterre et 86 marcs en Allemagne,) 

Le Times de Londres a, le premier, inaugur^ la publication, par la voie des 
oumaux politiques, des Weather Maps ; dans son Edition de deux heures du 
oir, il reproduit cbaque jour la Carte du Temps du Meterological Office, et 
lanfl son Edition du matin il public, k Faide d'informations particuli^res, une 
econde Carte du Temps qui donne la situation g^n^ale atmospberique 
lu nord-ouest de TEurope la veille k six beures du soir ; pour cette seule 
tublication meteorologique, il n*a pas b^site k d^penser 600 Uvres sterling par 
:n, cette somme repr^sentant, bien entendu, les frais d*observation, de 
ransmission tei^graphique et de travaux sp^ciaux pour ce service au Meteoro- 
ogical Office. 

Depuis quelques mois, la presse frangaise a suivi cet exemple ; le journal 
* Opinion Rationale s*etait d^j^ fait remarquer, il y a trois ans, par la 
lablication d*une s^rie de bulletins m^t^orologiques qui ont precede et pent- 
tre facilite reiaboration du d^cr^t du 18 Fevrier 1878 r^organisant la 
Q^teorologie fran9aise ; il a pris des arrangements avec FObservatoire de 
?ari8 et avec le nouvel editeur du Bulletin International, et, depuis le mois 
le D^cembre 1875, il reproduit cbaque soir la Carte du Temps du jour, qui 
le trouve ainsi tir^e k un nombre considerable d*exemplaires. 

Les cartes publiees par V Opinion sont beaucoup plus nettes que celles da 
rimes ; les courbes d*egale pression barometrique y sont en traits pleins et 
ion en pointilie, Fecbelle est plus grande et Fetendue du pays represente 
3st plus que doubiee. 

Cette publication constitue done un progr^s serieux, et il ne sera pas sans 
uteret d'expliquer par quel procede on est arrive k ce resultat : c'est k Faide 
le la gravure chimique en relief: voici comment les cboses se passent : — 

Chaque jour, FObservatoire de Paris envoie, vers deux beures de FaprSs- 
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midi, la minaie du Bulletin International anx ateliers de grayore dumiqne 
de MM, Yves et Barret. Cette minate, ^rite sur da papier sp^dal, mm 
^ Fatelier vers 2^h., et eat imm^diatement report^ sxa la pierre lithographiqae 
servant an tirage da Balletm lithographic qae regoivent les eorrespondantsde 
rObservatoire et les abonnCs. 

D&sqae le report ear pierre est acheyC, o*est-^-dire vers trois heores, 4 
Taide d*ane ^reave sar papier chine, on fiAit an report sor one planche de 
zinc ; lorsqae le dessin est reprodait sar le mCtal, on attaqae ce dernier 
par Tacide azotiqae, h, Faide de proc^Cs spCciaax dont MM. Yyes el 
Barret ont le secret. 

Cette operation n^essite des soins minatieax, des retouches nombrenses, 
one sarveillance incessante ; mais les ouvriers, dresses depois plasiears ann^ 
h, ce travail, y ont acqais ane telle habiletC, qa*il se fait presqae mCcaniqiie- 
ment, et qae les morsares de Tacide sent dirigCes avec antant de surety 
qae la pointe d'an barin. Aa boat de 8 heares d'immersion, le mCtal a 6t^ 
attaqaC partoat oil doivent sabsister les blancs da dessin, et celai-ci ressort 
en relief sar la plaqae. 

On clone alors sar bois la plaqae ainsi prCparCe, et on a an cliche. Ce 
cliche est envoyC ^ G^h. aa joamal V Opinion^ mis immCdiatement sons presse, 
et la poste distribae le soir ^ Paris, en meme temps, et le Bulletin Inter- 
national et sa reprodaction dans le joamal ; Tan et Taatre sont expCdi^ en 
province et k I'^tranger par les coarriers da soir.* 

n. IndCpendamment des Cartes du Temps, les joamaax anglais et 
amCricains pablient aassi des coarbes qaotidiennes oa hebdomadaires &isant 
connaitre la variation des Clements mCtCorologiqaes pendant le joar oa la 
semaine ^oalCe. Ainsi, le "New York Tribune pablie chaqae joor, en 
AmCriqae, an diagramme donnant la coarbe continue des haatenrs baro- 
mCtriques; le fond quadrille du dessin se compose de petits carr^s dont 
chacun correspond pour la largeur ^ une heure de temps et pour la hauteur 
k un dixi^me de ponce on 2°^ 5, ce qui permet d*evaluer lapression ^ chaqae 
quart d'heure k moins d*un vingti^me de ponce. 

Dans ce pays, du reste les connaissances relatives k TCtat du Temps sont 
mises k la portCe de tons, et sept miUe bureaux de poste affichent chaqae 
matin, dans un cadre bien en vue, les renseignements extraits par le Signal 
Service de Washington des observations faites la veille ^11 heures du soir. 

En Angleterre le Times public chaque jeudi un diagramme qui fait 
connaitre, k Taide de courbes se dCtachant en noir sur fond blanc : 1^ la hautenr 
baromCtrique, 2^ la temperature marquee par les thermom^tres sees et 
monillCs, 8^ la direction du vent et sa vitesse en milles. 

Ces tableaux synoptiques parlent beaucoup milBux aux yenx que des 
colonnes de chi£&es, et ils sont pariaitement nets ; mais I'^chelle adoptee est 

• Le proo6d6 du Timet est plus exp^ditif ; il regoit du Meteorological Office la Carte da 
Temps & 11 heures du matin, fait un olich6 en plUtre et met sous presse ft midi et demi, 
c'est-drdire une heme et demie aprds. La carte du soir loi est remise k 9 heures, etle 
journal est mis sous presse k 2 heures du matin. 
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rop petite pour qa*on pnisse bien saisir las variatioDs de conrte dur^e. 
Lmdy rintervalle d*ane joam^e n*est repr^sent^ snr les abscisses que par 16 
lillim^tres de longaeor, et nne hauteur barom^trique de 4 millimetres de 
aercnre correspond k nne ordonn^e de 8 millimetres : les conrbes sont 
nvoy^es par TObservatoire de Kew, 

D'antres jonmanx anglais ont imit^ Texemple da Times, et publient ^gale- 
aent des conrbes m^t^orologiques hebdomadaires de m^me natnre : ce sont 
lis ChraphiCf The Observer, et Lloyd's Paper; les conrbes identiqnes qu'ils 
lonnent sont encore k nne ^chelle plas petite. 

J'ai pens^ qn'il y anrait nn grand int^r^t k snivre, en France, Texemple 
lonn^ par ces publications, qu'il ^tait m^me possible de faire mienx, pins vite 
t k meillenr march^, et gr&ce an conconrs ^clair^ des administratenrs dn 
onmal V Opinion, que ses antecedents designaient ponr nne pareiUe 
entative, gr^e anssi anx procedes de MM. Yves et Barret qui ont fonmi 
I'excellents moyens d'execntion, et k Fobligeance de MM. Redier qui* ont 
lien Tonln donner la courbe dn barometre-enregistrenr k mercnre qne Ton 

pa voir fonctionner V wan6e demiere an Congres International des Sciences 
i-eographiques, j'ai renssi aatant qu'il etait permis de resperer. Dans 
e cas, le procede devait etre different, parceque le Journal VOpinion, ayant 
rganise on service d'ayertissements meteorologiques destine k completer 
)s avis de TObservatoire, il importait de publier des observations faites en 
erniere limite d*beure, c'est-^ dire jusqu*ti 6 heures du soir : voici comment 
n y est arrive : — 

Lie dessin du diagramme servant au trace des conrbes quotidiennes est fait 
or nne pierre lithograpbiqne servant de matrice. 

Cette matrice etant obtenue, sert k former k I'aide des procedes de la 
ravnre chimique en relief, ainsi qu'il a ete dit plus haut, des cliches metal- 
qaes sur lesqnels les crenx correspondent aux lignes saillantes de la matrice 
b reciproquement, de maniSre que, par Timpression typographique, le 
nadrilie du fond ressort en blanc sur fond noir. 

Ces cliches sont faits k Tavance, ainsi que les tirages k part du quadrille, 
ni servent k effectner le trace de la courbe donnee par le barometre. A 6 
enres du soir, la courbe barometrique, dont le trace a ete prealablement 
ommence, est achevee et portee k Tatelier de gravure ; 1^ nn ouvrier prend 
ji des cliches faits d'avance et y trace la courbe en donnant un coup de 
mrin aux endroits marques sur le module, c'est Taffaire d'un quart d*heure ; 
luis, le cliche contenant la courbe du jour est porte k rimprimerie du journal 
[oi met sous presse k 6}h., et nne heure apres, en recevant le journal, on 
>ent y lire d'un seul coup d*oeil la marche du barometre pendant toute 
a joumee. Cette rapidite d'execution fait le principal merite de la methode 
employee, et ce n'est pas sans de laborieux tdtonnements qu'on est enfin 
urive k ce resultat. 

On avait d'abord hesite k confier la preparation des cliches k des ateliers 
|ui ne fussent pas places dans Timprimerie m^me du journal ; on avait eu 
reconrs, au debut des essais, aux procedes typographiques seuls, en compo- 
sant, k Faide de points separes, nne courbe discontinue qui donnait heure 
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par henre la haatenr baromdtriqae, et dont on specimen a 6t6 reprodaii dim 
le feuilleton anr lea Averiutenientt meUorologiqutt agneola pabU6 pn 
VOpinion du 22 Avril, 1876. 

Maia, Bi la BoIntioD ^tait satisfaisante on tb^rie, olio se tnrova inappUcaUt 
dauB la pratique do I'atelier ; le mauiemeut d^ caractSres preeqne miero*- 
copiqne qn'il fallait d^placer chaque fois aox points od denit paesci li 
courbe, oiigeait nne attention et nn soin tals, qn'ancnn eompoaitenr nt 
Tonlnt a'en charger ; il aorait d'aillenrs falln beanconp de temps pour la eom- 
positiou 6t poor la correction, et aprSs avoir ^tadi4 en detail ce proc^,n«ii 
croyons qn'on ne pent pas 1' employer avantageoBement. C'eat alors que nou 
avons en recours an prDc4d4 de la gniTiire ohinuqne on relief, qni dioiDa de 
suite on r^snltat satiBfaisant ; nooB penaons qn'on serait ^galemeot aniT^ n 
bat par la photoglyptio (prac4d4 Woodbniy). 

lie 24 Avril, Iob adminiBtratenre de VOpini/m d^posaient Jt 8 hemes dn 
eoir Bor le bureau de TAcad^mie des BciencoB nn tirage & part de la couiIm 
barom^triqne dn jonr, allant jaBqa'i 2 heores dn soir; nons r^irodniscxii 
cette courbe ei-desBons: — 



Servica meteoroloiiqie de I'ffpimon 
, COURU 00 URoniTn EmatntEn rehek- 

-. .Matin 23 A»ril SoftiMjOn ?*.Avril S<*,_ 



Dans nn mdmoire ezplicatif, ils expoaaieut en m^me temps & I'Aead^ 
les bases qni avaient aervi k I'organisation d'nn service mdt4oroIogiqae dun 
lenrs bnreanx, ponr la redaction d'avertiBaements destines sp^cialemeot i 
ragriccdtnre, foisaient ressartir les services que pent rendre la presse qiw- 
tidienne ponr la transmission rapide do cea avertisBements, et se mettiuent 1 
la diapoaition de TAcad^mie ponr r4aliser, dauB lenrs pnblicationa m4t^io- 
logiqnes, tontes les ameliorations qn'elle vondrait bien lenr BUgg4rer. 

L'Acad^mie des Bciences a pam frappde de I'ntilit^ d'nne pareille entre- 
prise, et a nomm^ one commission compos^e de MM. Le Verrier, Ctu 
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inte-Claire-Deyille et Amiral PIbris poor loi fiaire on rapport sor cette 
lestion. 

En attendant, M. Loois Bedier constroit on barom^tre-enregistreor qui 
avera Ini-mtoe la coorbe sor le cliche, et s*il parvient k triompher des 
fficalt^s d'one pareille entreprise, cet appareil ^tant ^tabli dans les bureaux 
I journal, on pourra fiedro le tirage de la courbe dix minutes apr^s la demi^re 
»servation. 

Quant aux am^orations de detail, elles se feront pen k pen. D'aprSs T^cbelle 
[opt^, les abscisses correspondent k on millimetre par heure, et les Taria- 
)ns de la oolonne barom^trique sont reproduites en grandeur naturelle, o*est- 
dire qu*ime hausse d*an millimetre de mercure correspond k one elevation 
un millimetre de la courbe ; une echelle double serait peut-^tre preferable ; 
le table de correction que nous calculous specialement pour la reduction au 
veau de la mer du point oil est situe Tinstrument, donneia une plus grande 
ecision, enfin, on donnera bientot la courbe du thermometre ; tout cela se 
^rfectionnera et se compietera pen k pen. Un point important, c'est que le 
ix de revient est modique et que le procede est ^ la portee de tons les 
umaux de la provinces et de retranger. 

MM. Yves et Barret peuvent envoyer, des k present, k tout journal qui 
demandera, moyennant 640 francs, soit If. 76c. par jour, les cliches 
icessaires pour cbaque jour de Tannee, et sur lesquels un ouvrier de la 
salite n*aura qu*^ tracer au burin, en quelques minutes, la courbe qui lui 
ra remise par Tobservateur. H n*est done pas douteux que Tinnovation 
alisee par le journal V Opinion se propagera rapidement parmi les joumaux 
les revues scientifiques de tons les pays. 

Dej^ le journal hebdomadaire les Mondes de Tabbe Moigno, a publie la 
arbe ci-dessus|dans le numero du 4 Mai (page 242), et le Bulletin meteoro- 
^que. No. 840 (20 Mai) du gouvemement general de TAlgerie a imite cet 
emple en fiEdsant remarquer combien <' les publications de cette nature 
§ritent de fixer Pattention des personnes qui s*interessent aux etudes 
gteorologiques.*' 

Cn outre VlUustration a dej^ donne dans le numero du 5 Mai et publiera 
as les mois un diagramme representant par des courbes, ce qui est le 
3illeur procede de vulgarisation, les observations meteorologiques du mois 
cedent faites k TObservatoire Montsouris ; et, dans quelques jours, les 
3vues scientifiques la Nature et les Mondes publieront chaque semaine, k 
rxemple des joumaux anglais, une courbe hebdbmadaire, qui aura 140 
illimetres de long dans le premier journal et 168 dans le second, et 
presentera ainsi, k une ecbelle tres-convenable (20 et 23 millimetres par 
or) les principales observations meteorologiques de la semaine ecouiee. 
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PROCEEDINGS AT THE MEETINGS OF THE SOCIETY. 

May 17th, 1876. 

Ordinary Meeting. 

Henry Storks Eaton, M.A., President, in the Chair. 

James Lloyd Ashbury, M.P., 66 Grosvenor Street, W.; 

John Broun, F.G.S., Littleworth House, Hednesford near Stafford ; 

JouN Brown, Assoc. Inst. C.E., Altwood, Maidenhead ; 

Edmund Cruse, Warminster, Wilts ; 

James Eldridge, Assoc. Inst. C.E., Gas Works, Richmond, Surrey ; 

George Garnett, Assoc. Inst C.E., The Friars, Monkton Street, Ryde 

Isle of Wight ; 
John Hopkinson, F.L.S., Holly Bank, Watford ; 
Robert Pickwell, Assoc. Inst. C.E., 139 High Street, Hull ; 
William Ford Stanley, F.R.M.S., Stanleybuiy, South Norwood, S.E.; 
Rupert Swindells, Assoc. Inst C.E., Old Trafford, Manchester ; 
Charles Tarrant, M. Inst. C.E., Belvedere Road, Tranmore, Co. Waterford; 

and 
Thomas Taylor-Smith, M. Inst. C.E., Urpeth Hall, Chester-le-Strcet, 

Durham, 
were balloted for and duly elected Fellows of the Society. 

The name of One Candidate for admission into the Society was read. 

The following papers were then read : — 

" Remarks on the present condition of Maritime Meteorology.*' By Robert 
H. Scott, M.A., F.R.S. (p. 185.) 

" On the Mean Temperature of every day at the Royal Observatory, Greenwich, 
from 1814 to 1873." By James Glaisher, F.R S. (p. 198.) 

"On the Meteorology of Mozufferpore, Tirhoot, for 1876." By C. N. 
Pearson, F.M.S. (p. 222.) 

" New Wind Chart" By Lieut.-Gen. Georoe Ernest Bulger, F.M.S. 

As the usual modes of registering the wind were all more or less unsatisfactory 
to me, I essayed to construct a chart, which would show at a glance not only 
the direction of the breeze at certain times, but the chanees during any required 
period as well ; and a dia^am, exempli^ing the result of my efforts with regard 
to these points, was submitted to the Fellows at the Meeting. 

The diagram referred to embodies the variations observed at the Camp, Col- 
chester, Essex, during the month of July, 1874, at 9 a.m. daily, and may be briefly 
described as follows. It consists of a series of thirty-two concenmc circles, 
rather less than a quarter of an inch distant from one another, and (with the 
exception of the innermost) divided equally into sixteen parts by raoiid lines. 
The central circle is one inch in diameter, and contains a memorandum oi the 
name of the place where the records were kept, the name of the month, and the 
hour at which the daily observation was taken. The space between the inner 
circle and the second one is assigned to the first day of tne month, that between 
the second and third circles to the second day, that between the third and fourth 
circles to the third day, and so on, working outwards through the whole thirty- 
one days ; while the radial divisions are allotted to the four cardinal points of 
the compass and the twelve principal subordinate ones — each division being 
marked with its appropriate letter or letters at the outer edge of the figure: s 
final circular double hue, embracing the entire diagram, is only employed to 
give it a more finished appearance. 

The mode of registration is very simple and requires no explanation. On the 
first four d&jB of the month the wind was South-west, and I, consequently, 
placed a dot in each of the circular spaces allotted to those four day under the 
radial heading SW; on the following morning a slight change had occurred, and 
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the vane indicated West, so that my entry was made in the proper circular space 
for that day under the heading W; and on the 6th a furtner alteration to the 
North-west having been shown, the daily dot appeared under the heading NW. 
This process was continued throughout the month, and, finally, I connected the 
rarioas dots by curved lines, and completed the diagram. I subsequently, 
however, entered the dates in small figures close to the various dots, and I found 
that the record was not only thereby rendered much more precise and perfect, 
but its facilities for reference were greatly increased. 

It is scarcely necessary to mention that the force of the wind, as well as the 
direction, can be noted very readily on these diagrams, and mtaij wavs of doing 
so will, of course, occur to observers. I think, however, that a simple record in 
figures will answer most purposes, or, the curved connecting-lines may be barbed 
and feathered as required. 

If three or more observations are taken daily, the chart should, in my opinion, be 
confined to one week ; as, otherwise, the necessary number of circles would render it 
inconveniently large ; and, for the same reason, if hourly observations are 
record^, eacn day should have a diagram to itself. 

Numerous modifications of this principle will no doubt suggest themselves, 
and the records can be made more or less elaborate and complete, as necessity or 
fancy may point out. 

The Meeting was then adjourned. 



June 21st, 1876. 

Ordinary Meeting. 

Henry Storks Eaton, M.A., President, in the Chair. 

Benjamin Thomas, L.R.C.P., LlaneUy, Carmarthenshire, 
iMdloted for and duly elected a Fellow of the Society. 

The names of Three Candidates for admission into the Society were read. 

The following papers were then read :~ 

«* The Climate of Scarborough." By Francis Shaw, F.M.S. (p. 225.) 

" Notice of Upward Currents during the formation and passage of Cumulus and 
^amolo-Stratos Clouds." By the Rev. Joseph Crompton, M.A., F.M.S. (p. 230.) 

** Suggestions on certain Variations, annual and diurnal, in the relation of the 
^3Barometric Gradient to the Force of the Wind." By the Rev. W. Clement 
Xey, M«A., F.M.S. (p. 232.) 

" Averaffe Weekly Temperature of 30 Years, 1846-75, for Cardington." By 
^OHM McLaren, F.M.S. 

The accompanving diagram exhibits the mean temperature of every week 
during the year ot 52 weeks, as deduced from the daily maximum and mmimum 
thermometer readings. The heading of the diagram shows the weeks and the 
months witli the days of the months on which each week of seven days ends, 
except the last week of the year which has eight days and on leap year the ninth 
week ending on March 4th has eight days. The diagram, something in the 
form of a ladder, shows a thirty years average of the mean ot each week. That 
ending on January 7th shows the average mean of the first week in the year 
to be 36^-6. It then rises by degrees and tenths of a degree and shows that the 
wannest week of the year on the average is the 29th week, ending July the 22nd, 
and represents 64^-2, thence stepping gradually down to the end of December. 
The thermometers have been compared with standard instruments at the Royal 
Observatory at Greenwich by Mr. Glaisher. They are placed at the height of 
five feet firom the ground and five feet firom other objects, are protectea firom 
radiation and rain, and are read and set at 9 a.m. 
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Tho following are the actaal temperatureB shown in the above diagram :- 



let Week ending JaniiaijTUi ae-S 

2nd „ „ „ 14th 87-6 

8rd aut SS-S 

<th „ „ „ 28th 88-4 

6th „ „ Febniaj7 1th 890 

6tb „ „ „ lltb 39-6 

7th „ „ „ I8th 88* 

8th „ „ „ 26th 89-3 

9th „ „ Mai«b 4th 40-6 

10th „ „ „ 11th 44M 

11th „ „ „ 18th 41-3 

12th „ „ „ 2fith 41-9 

13th „ „ April iBt 46-9 

14th „ „ „ 8th 47-1 

IGth „ „ „ Ifith 46-9 

16th „ „ .. Viui 48-8 

17th „ „ „ 29th 48-5 

18th „ „ May ath 493 

19th „ „ ,. 13th 61-9 
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20th Week ending May 20th 53-8 

2l8t „ „ „ 27th 661 

22nd „ ,, Jane 8rd 57*5 

28id „ „ „ loth 69-2 

24th „ „ „ 17th 69-8 

26th „ „ „ 24th «0-8 

26th „ „ July l8t ,. .. 61-6 

27th „ „ „ 8th 62-2 

2«th „ „ „ 16th 63-6 

29th „ „ „ 22iid 64-2 

«Oth „ „ „ 29th 63-4 

Slat „ „ Aogost 6th 62*9 

82nd „ „ „ 12th 628 

38rd „ „ „ 19th 62-3 

84th „ „ „ 26th 60-9 

86th „ „ September 2nd 60-1 

36th „ „ „ 9th 591 

37th „ „ „ 16th 67-6 

88th „ „ „ 23rd 66-3 

89th „ „ „ 80th 64-9 

40th „ „ October 7th 63*2 

41«* » ,» » 14th 611 

<2nd „ „ „ 2l8t 49-6 

48rd „ „ „ 28th 48-2 

44th ft M November 4th 46-9 

45th „ „ „ 11th 43-4 

46th „ „ „ 18th 40-4 

47th „ „ „ 26th 40-7 

48th „ „ December 2nd 39*4 

49th „ „ „ 9th 40*3 

60th „ „ „ 16th 39*7 

6l8t „ „ „ 23rd 38*2 

62nd „ „ „ 81st 36*9 

" De la Vulgarisation par la Presso des Observations M^t^orologiques.** By 
Hakold Tabby, F.M.S. (p. 238.) 

The Meeting was then adjourned. 



248 



QUABTErXY JOURNAL OF THE METE020LOOICAL SOCIETY. 



Donations received from July 1st to September 80th, 1876. 



Presented by Societies, Institutions, &c. 



BmsselB 
Calcutta 



Copenhagen . . 



Cracow , . 



Finme 

Hamburg , , , . 



Kew 



London 



Observaloire Royal 

St. Xavier's College Ob- 
servatory 

Dauske Meteorologiske 
Institut 

»i »♦ 
E. E. Stemwarte 

I. B. Accademia di Marina 
Deutsche Seewarte 

Observatory 



General Register Office 



tt 



>t 



Institution of Civil Engi- 
neers 

Institution of Surveyors. 

Meteorological Office .... 



If 



t* 



»i 



i» 



i» 



>> 



»» 



»i 



I* 



Royal Astronomical So- 
ciety 



Annals, June to August. 

Meteorological Register, January to June. 
By Rev E. Francotti, S. J., Director. 

Annuaire M6t6orologique pour Tann^e 
1876. 

Bulletin M§t6orologiqne du Nord, June 1st 
to August 31st. 
By Capt. N. HofiPmeyer, Director. 

Meteorologische Beobachtungen, May to 
July. 
By Dr. F. Earlinski, Director. 

Meteorological Observations, May to July. 

Wetterbericht. * 

By Dr. G. Neumayer, Director. 

Results of the Monthly Observations of 
Magnetic Dip, Horizontal Force, and 
Declination made at the Kew Observa- 
tory, from April, 1869, to March, 1875, 
inclusive. 
By the Kew Committee. 

Weekly Return of Births and Deaths, 
Nos. 26-38. * 

Quarterly Return of Marriages, Births, and 
Deaths, June 80th. 
By the Registrar-GeneraL 

Rainfall and Evaporation. Papers by O. J. 
Symons, C. Greaves, and J. Evans, 
F.R.S. 

Library Catalogue. Corrected to Septem- 
ber, 1874. 

Daily Weather Reports and Charts. 

Hourly Readings &om the Self-Recording 
Instruments at the Seven Observatories 
in connection with the Meteorological 
Office, November, 1875, to March, 1876. 

Report of the Meteorological Committee of 
the Royal Society, for the year ending 
3l8t December, 1875. 

Report of the Meteorological Committee 
to the President and Council of the 
Royal Society on the Work done in the 
Meteorological Office since their ap- 
pointment in 1866, to December 31st, 
1875. 

Contributions to the Meteorology of Japan. 
By Staff-Commander T. H. Tizard. 

Meteorological Observations taken at Ork- 
ney, with Remarks on the Climate. By 
the Rev. Charles Clouston. 

Bv the Meteorological Committee. 

Monthly Notices, Vol. XXXVI., Nos. 1-8, 
November, 1875, to June, 1876. 



DONATIONS. 



1^49 



Xjondon .•. 
Ijyoiui 

If elbooiiie . 



MonoiliQii 



New HftTon 
Paria....... 



•• • • 



« 



8t. Peienbug.. 



• • • • 



GtoDjbiint 



^oconto ..•••• 



BoyalSodely 

Commissioii de M^Uoro- 
logie 

llanohester tnd 8alford 
Sanitary Assooiation. • • 

Obeervatory 

Begifllrar-Oeneral'B De- 
partmont • • 

OnerratoTio del B. Col- 
legio Carlo Alberto .... 

i» »» 



Conneotleat Academy of 
Arts and Soienoee .... 

Observatoire de Mont- 
•onris •... 

Obionratoize National . . 

SoeiM lUttoologiqae de 

Franoe 

II ....•..* 

II ........ 

K.K. fiilesmwarte 

Minifltero di Agricoltnra, 
Indnstria e Commercio 
Diresioni di StatUtica. 

Ogeervatorio del Collegio 
BoDuno .•••• •••• •••• 

FhysikalisoheB Central- 

obsenratorinm., 

II •••••• 

KongL Svenaka Hetens- 

kape Akadamien 

Obao^ratory 

Cktemment Obserratozy 

• 

Xdneation Offioe 

Meteorologiml Oi&oe .... 



'yiuauk 



X. E. Centralanstalt fiir 
Meteorologle mid Srd- 
magnetismuB • • 

Oeeterteiehiaebo Oesell- 
•ohalt fiir Meteorologle. 

MSW SXBOBS. — VOh. ttX. 



Prooeedingfl, VoL XXIV., No. 170 ; Vol. 

XXV., Nob. 171 and 172. 
Bapport, 1874. 

By Prof. Lafon, President. 
Annnid Beport of the Committee for 1875. 

Monthly Beoord of Besnlts of Obserrations 

in Meteorology, Terrestrial Bfagnetism, 

Ao.| December, 1875, to February, 1876. 

By B. J. EUery, F3.S.| Qoyemment 

Astronomer. 

Patents and Patentees, Vol. VIII., 1878. 

By B. Oibbs, Begistrar-General. 
Bnlletttno Meteorologioo, Vol. VII., Nos. 

10-12, Vol. X., No. 4. 
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APPENDIX — OBSEBVATIONS 1876. Xxlz 

BTRATHFIEU) TURGISS. 

Height above Hean Sea Level 190 feet. Long. 1° 8' W. Lat. 51° 20' N. 

Jakuabv, 1875. 
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QUABTERLY JOUBHAL OF THE UETEOBOLOOIOU. BOOETT. 

HAWE8. 
3V0 Mean Sea Level 800 feet. Long. 2° 11' W. Lot. 54° 19' N. 
Fbbbuast, 1875. 
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AFPEHDIX OBSEBVATIONS 1878. ttt 

STRATHFIELD TURGISS. 

Height above Mean Sea Level 186 feet. Long. 1° 8' W. Lat. 51" 20' N. 

FsBBUutv, 187S. 
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QUASTERLV JOUBNAL OF THE ItETEOBOLOOtOAI. SOCIETT. 

HAWES. 
it above lUean Bea Level 800 feet. Long. SP 11' W. Lat. 64° 18' K. 
Uabch, 1676. 
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APPENDIX — OBSBBTATIONS 1875. 
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STRATHFIELD TURGISS. 
Height above Mean Sea Level 169 feet. Long. 1° 0' W. Lat. 51° 20' N. 

March, 1875. 
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VOL. III. — VEW SERIES. 



XXX QOABTERLY JOUBNAL OF THE IlETEOBOLOOKUL SOCIBTT. 



Height above Mean Sea Level 800 feet. Loi^. 2° 11' W. Lat. 64° 18' N. 
Febbuabt, 187fi. 
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APPEKDIX OBSERVATIONS 1876. 



8TRATHFIELD TURGI8S. 

Height above Mean Sea Level 196 feet. Long. 1° 8' W. Lat. 61° 20' N. 

Fbbbuabi, 1876. 
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QUABTEHLV JODBNAL OF THK UETEOKOLOOIOAI. SOdEIT, 



HA WES. 

HeigM above Mean Sea Level 800 feet. Long. 2° 11' W. Lat. 64° 18' X. 
Mabch, 1876. 
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APi>Ein>iz— OBSKBVATioNS 1876. xmiii 

STRATHFIELD TURGISS. 
t above Mean Sea Level 169 feet. Long. 1° 0' W. Lat. 51° 20' N. 
Makch, 1675. 
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IZZIT QUABTERLT JOUBKAL OF THE UBTEOROLOOIGU. SOOIETT. 

FAWES. 

Height above Mean Sm Level 800 feet. Long. 2° 11' W. Lat 61" 16' N. 
Afbii., 1875. 
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APPENDIX — OBSESTAIIOHB 1876. XXXT 

8TRATHFIELD TURGISS. 

Height above Mean Sea Level 196 feet. Long. 1° 0' W. Lat. 61° 20' N. 

Apbc, 1876. 
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Height above Mean Sea Level 196 feet. Long. 1° 0' W. 

May, 1876. 
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STBATHFIELD TURGISS. 
Height above Mean Sea Level 196 feet. Long. 1° 0' W. Lat. 61° 20' N. 

JtJLY, 1876. 
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Height above Mean Sea Level 196 feet. Long. 1° 0' W. Lat. 61° 20 ^ 
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Height above Ueut Sea Level 800 feei. Long. 2° 11' W. Lat. 64° 18' 14 
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Height above Mean Sea Level 800 feet. Long. 2° 11' W. Lat. 64° 16' N. 

NOTBUBER, 1875. 



1 




1 s! 1 ^ < *i4*i1fli 
|H all [ 4 ill lyiPijl 1 


1 


1 


SlSlliSllHi iSSiS5Sil««IH5 JIIS 


s 






11 


t 


2a2""s--22*"3-"*'sa-"-a22-»2-.-a 


: 


222"22".-2'."22"22H2-"S22'..-*22" 


: 


■A 


i 




• 


§slllii>l.»L»li!:i Jss.'S. JEl 






- 


iilllll»|S|Jgsihil5sislllli 




"a 


i 

I 


s^°S 8^SSgS£^S.g.S Sa gS,S5.J!ffSffS!SS S.Jf;:5S 




s5sff^gs8ja£«.s5 s^^asa-rs^ssffs ssrss 




11 


I 


i?SJIif?S??l?SMJi=?5??»-H??f 




.S1l5S5SI = 8«?24???^?5fH^H???? 




a 


.3 
» 

T 

d 

t 


•;5Ui:»:» ui una ni.u 




Uin^,,ui ii^: mm iii u 




•iUUin^,, l,i a iUi s; ;: 




.USJ«J = ?a »5S ccj jjis :s cr 




1 


B 
d 


tinnii^n H? ni Hf? n sj 




i 


||ja£fH5|||i||J ?!J|3M«?l«pq 




/ 






a 



APPENDIX — OBSEBVATIONS 1875. 



xlix 



STRiTHFIELD TURGISS. 
Height above Mean Sea Level 196 feet. Long. V 0' W. Lat. 61° 20' N. 

NOVEHBEB, 1875. 
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NEW SERIES. — VOL. ni. 



QUABTEBLT JOUBMAL 07 THE UETEOBOLOOIOAL SOCIETY, 



HAWES. 

it above ITean Sea Level 800 feat. Long. 2° 11' W. Lat. 54° 18' N. 
Dbcembek, 1875. 
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APPENDIX—OBSERVATIONS 1876. 
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STRiTHFTELD TURGISS. 
Height above Mean Sea Level 196 feet. Long. 1° 0' W. Lat. 61° 20' N. 

December, 1876. 
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METEOROLOGY OF ENGLAND, 

DURINO THE QUARTER ENDING MARCH 31, 1S76. 

BeMABKS on THB WEATHEft DLltlNa TDE QcAKTEE ENDING MaECH 31BT, 1876. 

Bg 3uts% GLAigHBK, Estt, F.R.S., ^c 

Till JoDuaJT]' 4tli, the weather was warm, the iivpra(,'i.' t-xci.'.'U of mean daily temperattm wu (fi 
nearly, aod OD the ^r.i tlay was iit lar^' as 13^-. i)zi ihu jib, the wind chueed from the W. 
to the S.E. aud ilie first long cotd penod set in, and contiaued lill (he 16th, the wind being, 
for the^ molt part, from the N. ai>d NJil,, on the Sdi day the departure of mean tcmpenttiue 
below ita ivenige waa 13^°, nnd the nvtrsge defect of temi«ratare for these u daji ww 6|*>. 
On the 17th ibe wind y!ii£ S.W and a wariii period set id i^d continued till Fcbniary 3rd, uie 
■wind Iwing. for the moEt purt, from the S.S.W. and S.E., the arerngo lUiiy eice«« of lemperatate 
■wan 3,\ ; the aecond fold period began on H'ehniary 4th and continued till the ijtli i the wind 
was chiefly from the N., on the iilh the meatl temperature «f the day wa» nearly isj" helow Ita 
average ; and for the 10 days ending the 13th was on the avemgc 6J° in defect. 

t'rom the 14th of Fvbruury tu ihe 8th of Mnrch, the temperature -Wi* mostly in ezcCM of 
the average, and the direction of the wind was gi^nemlly from the S.W On the i ;th and i8th 
«{ Fi/bruary ttm mean temperatures were about lz° in ezcen of thi-ir iiverages, and on Hafch 
srA, the excess was more than 10", and fbr the 14 daya cndiog Match 8th, the average daily 
exceu was 6^°. On the qth day of March the third ton|; cold pi-riod began, and conlinned to 
the lylh, the direeb'on of the wind wal moatly from the W.N.W. and N.E., and the QTerajje 
daily deficiency of tempemture for the 19 'liii- was 33°. On the igtii nf Jlurch the deficiency 
of temperatnrc oiceeded iq° ; fmin Jfnrch 18th to the end of tlic -iiiBiltr the weather waa 
wnrm, and the mean daily tempcralureK of the four dayg were 5^° in execM of their aveiagei. 
MAXixtnt and Mi:fiMt'M Ti^upebatitbes of tho Am, on certain dsya in Jannary, 
February, and March 1876. 



Nunc. ^SUUoiu 




~~jI7 


777" 


. - 


_ ......... 


=,^.. 1 






ar,]. 






. 


li. 




,- 1 




.Mu. SI Id. 


M«. 


'^. 


7r«7 


'ju.. 


^. 


i»D. 


M,,. 


Min. 


Mu. 


Mln. 




n-i J «;s 


»■■ 


»-., 


ir;a 


«- 




^'^~ 


K;j 


4111 41-0 


aD;i> 




















4I;i> ' 4,VII 




i'vZnlh " " ' 




M-B 




«;li 












ai;n 


K«S'l11f - - 


m;s n-.-, 


flu;ii 










































ai'a M'7 






















.-.j-1 , a-i 


















M'D 


lUllllKa - - - 




















U'l 


T.u„l^ - - 


lijo ' t\y 


si;.i 
















MO 


Sili-lHIlT - - - 
























MK wa 






. ■ 


















™;s 














w;i' 1 m;ii 


H'U 


Itnnuoil* - - . 




















r-K 


Wr..l,H,UT«™iu - 


u-4 ' .D-a 


»;u 


















WwUrbliM Ilulh - 


.'3-D . «-« 


















»;» 


iH;s 


KwlTlliikr; - - 


«i» vi-n 




ir;» 






i>;E 




Ml 












a^a 










, wa 


"r* 




"!" 


1V3 


llrW~l - - . 














U'4 








tl-* 


llUMtaWH - - 


i.t» 1 wn 




ti'i) 


w-i 


a-u 




41'* 








1S4 


Ibqal Obwralmr - 


m;» 1 M-ii 












*'•« 


m; 


«l;ii 


.TfU 


m;» 


llRkfahwa - - 




















sr;il 




Himi.-r ~ - - 


il'S S"-» 


■b;u 


my 


m;* 


ai-u 


.-.V! 


«■■ 


h; 








l-mitn IfclMlT 


.^;i , si-i 












«;u 










cnuvick - - - 
























LOnlrr - . - 


Sii 1 vA 


ws 


tlii 




u;ii 




£;S 








M-l 


Ullonl - - - 






ICl'l 












ii;a 




iU;T 








iiT'D 


iH-J 


































iPI-O 




Sl;l 






















lay 






\SS£-- '-- : 


«!■» 


U'O 










«;n 


*r» 










ra;o 


Va 












4Jj;o 








13-11 


NorKUU - - - 










ill- 


IM-II 












HID 


SS,-,&..: : 






8I''I 












M'S 






»■■ 






M-H 


Wl 










jb;o 


m;i 




■4;» 


Wl>li«li - . - 




31 -s 


aii;8 


H;n 


m; 


»l;9 




«■« 












Ai;ii 


w;i 












tii;s 


Ml 


411 












u;fl 






h" 






il;s 


4l;jl 




m;ii 


Hoik hum - - - 


f*\ 






ZIT 


u- 
















HbcBclil - . - 




















«■» 






I^lnUii.rr> - - 












a-T 






m;* 


IH'l 


a>;a 




KSCI,- : : 


S-7 


»:» 


«:j 


«rU 


»■. 




si-% 


UU 








aia 


EnlH- - - - 






ag-u 














aT* 


'<:* 


NucUdi' - - - 


"i-! ; S^S 


H;< 


»;t 








«;a 












i\t 1 U-H 




















«;» 


lluN . - - . 


<i>;ii 1 M;u 




If;* 


»;» 




m;o 


wo 




















*'-» 




*i;r 










Ilrwfonl - - - 
























InOi - . . . 


■J-ll M- 


cj;ii 


ai-i) 


W;o 




.-.r-n 














w^ ' «■ 
















«■» 


»t 


W'l 


AUenbHdi - . - 








u-u 


la-D 








M;o 






BillMli- - - - 


fA «■ 


ar;i 






iTrt 




»ro 












4r<;ij an; 












4iF;n 


w-u 


n-D 


M'll 


no 










oi-j 








u;s 




a:;r 


h;u 




































»» 








■■":? 






N"rlt. Hli.rUi - - 


























"■" ' ""■" 




'■"■" 


™-« 




"" 


. "" 


JUO 


(«■« 


wo 


ffl-d 



On looking over this Table, it will be Bccn how veiy great the chongea of temperature hare been 
all over the coontry, in each month of tho quarter. 

On eve^ day in the three cold periods, anout fell in some p&rt of the coontri)-, AnddnriA^Cm 
warn period*, rain ftii verj- freqiieiillv. From ¥e\«un.T^ nft» \olAw<Sv aij-Ai tou. <« w«<« V«v 



2 On ike fFeuAer during the Quarier ending March s^^f iS?^ 

on 35 dayi, or on more than 25 (lajs, at every one of the different stationit.^ The weather 
during the quarter has been remarkable for an excess of atmospheric pressure in January and 
great deAcienoy ftom February 5th to the end of the quarter, for the amounts of snow, and for 
the great altemationB of tempera&re in each mcmth. These great changes are exhibited in tiie 
preceding Table which gives the mftTimnm and Twinininm temperatures of the warmest and 
coldest &ys In each mon^ 

The readings of the barometer at 160 feet above the level of the sea, in the neighbourhood of 
London^ were above fheir respective averages throu^out ihe month of January, excepting on 
two days, via., aoth and aist which were 0*08 in. and o* a6 in. below. The greatest departnze in 
excess during the month was 0-72 in. on the 15th. The mean reading for the month was 
30 '095 ins., being 0*355 ^"- a^v© it» average. During the first four days of February, the 
barometer readings were a little in excess of the average, but from the 5th day of February 
to the 1st of April, the readings were all below their average values (excepting on two days), 
via., February 24th and March 20th, which were above thwr averages, but only to the small 
amounts of 0*08 in. and 0*05 in. 

During this remarkable and long continued period of c; days of low readings, violent gales 
of wind, and showers of hail, rain, and snow were expenenced. The following are some of the 
greatest dcnwrtures in detect of the average during this period : — ^February i8th and 19th 0*58 in. 
and 0-56 m. ; March 8th, 9th, 10th, nth, 12th, 15th, and 28th : or 0-66 in., 1-31 in., 1*36 in., 
o'95 in., 1*30 in., 0*74 in., and ©'72 in., respectively on these days. The readings were the 
lowest from March 8th to the 12th, and for these five days, the mean defeet below the average 
was no less than i ' 12 ins., and for the whole period of 57 days, the mean defect was 0*35 in. 

The mean reading for the month of February was 29-628 Ins., being o- 171 in. below the 
average. 

Back to the year 1841 there are only five instances of the mean reading of the barometer being 
as low in the month of February, as in the present year, vis. : — 

1843, 29-473 ins. 1844, 29*498 ins. 1848, 29-517 ins. 

i855» 29-593 ins. >866> 29.529 ins. . , . 

The mean reading of the barometer, for the monw of March, was 29*391 ins., bems o'359 *°- 
below the average ; and in the preceding 35 years there is no value so low as that in the 
present year, the nearest approach being in Sie year 1862, when it was 29*498 ins. 

At Green^ch the mean temperature oi January was i**-6 lower than that of December; that 
of February was 4**-© higher than that of January; and that of March was the same as that of 
Februarj'. (From the preceding 35 years' observations the mean temperature of January below 
that of December is i°-5 ; that of February above that of January is o°-6 ; and that of March 
above that of February is 2®- 5.) ^ 

The mean temperature of the air for January below that of December; South of latitude 514 
was i°-4; from 5i|® to 53^" was 2**-2 ; from S3j° to 53l®wa8 i°-4; and from 53^** ^0^55® was 
^•3 only. That of February above that of January, South of 50 J° was 2®-8 ; from 50J** to 52 J 
was 4**-o; from 52^** to 53}® woh 2®o; and from 53J to 55® waso®i below. That of March 
below that of Februair was i**-2 at places South of 50!° ; and from 50}° to 55** was o**-3, below 
the general decrease of mean temperature from February to March ull over the country was o°-4. 

The mean temperature of the air for January was 37**- 1, behifc o°-6 above the avcrag^ of the 
preceding 105 years, and 1^-5 below the average of the preceding 35 years; it was 4** -6 and 
6^-3 below the corresponding values in 1874 and 1875. 

The mean temperature of the air for February was 41®-!, being 2^-5 and i°-9 higher than 
the average of the preceding 105 years and 35 years respectively ; it was a** -4 and 6°-i higher 
than the corresponding values in 1874 and 1875. 

The mean temperature of the air for March was 41®- 1, being the same as the average v^ue 
for the preceding 105 years, and o°-6 below the average of the preceding 35 years; it was 2 -6 
lower tlum that of 1874, and 0^-9 higher than that of 1875. 

The mean high day temperatures of the air were o**- 7 and o°-8 below their respective averages in 
January and March ; but i*'*3 above in February. 

The mean low night temperatures oj the air were 2® -7 and o°-2 lower than their respective 
averages in January and March ; but 2^-2 above in February. 

The mean daily ranges of temperature were o**-9 and o'-b smaller than their respective nvernges 
in February and March ; but 2*^*0 larger in January. 

Therefore the days and nights of January and March were cold, bat warm in February. 

At Greenwich the increase of atmospheric pressure from December to January was ©•158 m.. 
the decrease from January to February was 0*467 in., and the decrease from February to 
March was 0-237 in. Over the whole country the mean increase of pressure from December to 
January was o- 161 in. ; the decrease from January to February was 0-475 *°*» 1^*°K somewhat 
smaller at Southern stations, and somewhat larger at Nonhem stations ; the mean decrease from 
February to March was o* 229 in., and was nearly the same at all stations. 

At Greenwich the fall of rain in January was i-i in. being 0*8 ins. below its average; in 
February' it was 1-5 in. being equal to the average value ; and in March the fall was 2-3 ins., 
being 0-7 in. above the average; the heaviest fall in one day was 0-68 in. on the 12th of March. 
The total fall in the quarter was 4-9 ins., being exactly equal to the average. Rain fell on 50 
days, exceeding the average number in these 3 months by 20 days, the distribution of the rain over 
the quarter has bcin therefore very different from what is usual, and this seems to have been more 
or less the case all over the country. 

Thunderstorms occurred^ on 5 days in February ; and on 9 days in March. 

TAunder was heard, but iightning was not seen, on 1 days in February ; and on 6 days in March. 
ZtpAhiinff was seen, but thunder was not heardy on 1 Any m "E^V^twot^ % wA wi A,da^« in Blarcb. 
Stt/ar /lu/os were seen on 3 days in January' •, 1 1 day» in "Fcbtuwrj -, vvw^ wn \o ^>j%\\i»a»^ 
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KoTS.— In rsadfnc tbi* table it will be borne in miad that the minns sign (— ) signifies below the ATerage, aad that the 
pins sign (+) signifies oftove the arernge. 

Ztmor haloM were seen on 3 nights in Janoary ; 6 nights in February ; and on 13 nights in March. 

Aurora boreales were seen on the 19th of February at Calcethorpe, Liverpool, and North Shields. 

Snow fell on 15 days during January; 18 days during February'; and on 19 days during 
^larch; thus making 52 during the quarter. The falls in January and February were pretty 
general all over the country, but in March the heaviest falls were in the Midland and Northern 
Counties. At some places in March snow fell consecutively from the 6th to the 22nd. 

Hail fell at one or other station on 7 days in January ; 17 days in February; and on 20 days 
in March. 

Fog prevailed on 20 days in January ; i x days in February ; and on 7 days in March. 

Leaf buds first appeared on the Sycamore, on the 27th of February at Strathfield Turg^ss. 

Leaf buds first appeared on the Horsechestnut^ on the 26th of February at Helston ; on the 7th 
of March at Strathfield Turgiss ; on the 12th at Caterham ; on the 20th at Guernsey ; and on the 
27th at Weybridge. 

Leaf buds first appeared on the Hawthorn, on the 15 th of February at Weybridge. 

Field Elm in leaf, on the 8th of March at Helston. 

Hawthorn in leaf on the 9th of March at Oxford ; on the 10th at Helston ; on the 20th at 
Guernsey ; and on the 24th at Weybridge. 

Pear in blossom, on the 22nd of Febmary at Helston ; and on the 21st of March at Llandudno. 

Peach in blossom, on the 23rd of February at Helston ; on the 14th of March at Oxford ; and on 
26th at Wisbech. 

iHuminbloasom, on tho 17th of Miircli at Strathfield Turgiss; on the 24th at Llandudno ; and 
on the 38th at Oxford. 

Wryneck arrived, on the Sistof March at Guernbcy. 

Woodcock departed, on the j.^th of Febnmry from Stra\\v1[ve\dT\vt?t\^^. 
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METEOROLOGY OF ENGLAND, 

DURING THE QUARTER ENDING JUNE 30, 1676. 



ON THB WbATHIB DVSIMa THE QtTASTEB XNDIKa JUNX 30Tn, 1876, 

By Janm Glaibhbb, Eaa, F.R.8., ^e. 

^11 April 9&, the westher wu mrni, aod the averai^ daily eic«ia of the mean temperatnrea 
of thcM 9 da;i above their tma^ was 5^°. On the loth of April, b vcrr KTere cold period 
•M in sod mow fell 'geDcrally over the counlry north of latitude ji° ; on the itth, it fell more 
genenJl; and extended to Btationi on the gouth coast ; on the nth, it fell still more generalJj, 

; md there were hlls of mow in Cornwall and DeToDBhire, and at GuemBey. In all the Northern 
DlttrieU it fell in great qnantitiet, in Scotland tclegrsptiic commiuiicaliona were inEemipted, Bod 
■n Am CMt MUt, there wai ■ very levere storm and gale of wind. At Lacester onow fell very 

'' twrtty and in the midat of the enowBtorm there were both thunder and lightning, London waa 

' vUMd bj a nicceedon of inowitomu, and in the afternoon there were livid flalhes of lifihtning 
iadload dwndci. On the i,:|th, die weather waa very severe, there waa a, bitterly cold wind, 
Meoa^ained hy constant Elorm> of sleet and hail, and thia onDBuaUy severe weather waa expe- 
fioMMd in all direction!, a gieat quantity of gnow fell ; and all tratSo between London and the 
Bdnh WM greatly delayed, in some placen Che depth of Che snow was from 16 inches to 14 inches. 

On the I4lh of April, the »everest snowstorm of the whole winter was eiperienceil. A great 
■nmbar of telegraphic poau were thrown down, and telegraphic communi cation was slopped in many 
iMlfitiM, tnfBc generally waa impeded and in some places stopped altogether ; some scow driftK 
wa* of great depths, and snow fell everywhere. Ganlcn trees and shrubs were broken down by 
flte weight of the accumntated snow. On the nth day the deficiency of mean temperature was 
i}°; OD the nth waa ii^°; on the 13th was 11°; and on the 14th was g". The highest and 

' krwMt temperatures daring these days are shown in the following Table : — 



a the nth, I3th, 15th, 



cilSrag* 



Kintliifhais 



B. &, ii--W>.~i/7B. 



10 On the WeaAer during the Quatfir ending June 30th, 1876. 

From this Table it will be seen that dorii^ the days the temperatore at most places exceeded 
40**, and at night was generally below 32®. On the nth it was 2$^ at Stonjhanty on tiie 12th it 
was 25^*2 at Calcethorpe, on the 13th it was 19° at Allenheads, and on the 14th it was 23*^ at 
Allenheads. 

The severe cold period somewhat moderated on the 15th, but it continued till the 19th, and the 
aTcrage daily deficiency from April loth to April loth was 4^^; on April 20th, a moderate]? 
warm period set in and continued for 10 days to the 29th, the average daily excess of temperature 
for these 10 days being a little less than 2°. On April 30th, a long cold period began, which 
continued with very few exceptions till the i8th of June ; during the greater part of May there 
was a cold E. and N.E. wind, and no rain fell for 20 days ; snow fell at different places on ^lay i!>t 
and 2nd, and as late as May 14th at Allenheads. The average daily deficiency of mean temperature 
for the 50 days ending June i8th, was 3^° nearly ; and from the 19th of June to the end of the 
quarter the weather was generally warm, the average daily excess of mean temperature being i{°. 

The readings of the barometer at i6o feet above the level of the sea, in the neighbourhood of 
London, were above their respective averages from the 2nd to the 8th of April, that for the ist 
was o* 19 in. below ; they were below their averages from the 9th to the 14th ; above on the 15th 
and 1 6th ; below from the 1 7th to the 22nd ; a little above on the four following days ; and a^u 
below from the 27th to the end of the month. The mean reading for the monUi was 29*680 ms., 
being 0*091 in. below its average. During the first 21 days of May, the readings of the barometer 
were all above their average values (the greatest departure in excess in this period was 0*53 inch 
on Uie 4th). From the 22nd to the 27th of May the readings were below their averages; and 
from the 28th to the end of the month they were above. The mean reading for the moDth was 
29*956 ins., being o' 173 in. above its average. From the ist to the 9th of June, the readings of 
the barometer were alternately above and below their respective averages, but only to small 
amounts ; from the loth to the 14th, they were above their averages ; then below on the three 
following days, and constantly above and below for short intervals to the end of the month. The 
mean reading for the month was 29*816 ins., being 0*003 in. above the average. 

At Greenwich the mean temperature for April was 6*^* i higher than that of March ; that of May 
was 2^*2 higher than that of April; and that of June was 9^-1 higher than that of May. (From 
the preceding 35 years' observations the mean temperature of April above that of March is 5^*5; 
that of May above that of April is 5^*6 ; and that of June above that of May is 6®* i.) 

The mean temperature of the air for April above that of March; South of latitude 51" wm 
4°* I ; and North of 5 1° was 6°*o ; that of May above that of April was 2** -3, South of 53^'*; and 
3*9 North of 53 J". That of June above that of May was 7**' 2 South of 51''; between Utitudcs 
51 to 52® was 9°* 5 ; and North of 52® was 7 * 5. 

Hie mean temperature of the air for April was 47^*2, being i°*i below the average of the 
preceding 105 vears, and the same as the average of the preceding 35 years ; it was 2° '8 below that 
of 1874, and 0*9 below that of 1875. 

T%e mean temperature of the air for May was 49° '4, being 3° '4 and 3°* i below the avera^ 
of the preceding 35 years and 105 years respectively ; it was i°* i and 5° '6 below the corresponding 
values in 1874 and 1875. 

Tlie mean temperature of the air for June was 58^**5, being o°*4 below the average of the pre- 
ceding 35 years, and 0^*3 above the average of the preceding 105 years; it was o°*5 above that 
of 1874, and o°*4 below that of 1875. 

The mean temperature if the air for the quarter was 51®* 7, being i°*3 below the averages of the 
preceding 35 years, and 105 years. 

TTie mean high day temperatures of the air were o°*2 and 2^*9 below their respective averages in 
April and May ; and o°* i above in June. 

The mean low night temperatures of the air were 4®* 8 and i°*2 below their respectiTC 
averages in May and June ; and 0^*4 above in April. 

Therefore the days and nights in April differed but little from their average value ; in May both 
were cold ; and in June the nights were cold. 

The mean daily ranges of temperature were 1^*9 and i°*3 greater than their respective averages 
in May and June ; and 0^*5 less in April. 

At Greenwich the increase of atmospheric pressure from March to April was 0*289 ^°'> ^^ 
increase from. April to May was 0*276 in., and the decrease from May to June was 0*140 in- 
Over the whole country the mean increase from March to April was as follows : — Between latitude 
50° and 51° was 0*250 in. ; between 51° and 53^° was 0*301 in. ; and north of 53^° was 0*367 in. 
The mean increase from April to May was as follows : — Between latitudes 50** and 53 j° ^^ 
0*290 in. ; and north of 53J was 0*346 in. And the mean decrease from May to June, between 
latitudes 50° and 52.^° was o* 142 in. ; and north of 52^° was o* 203 in. 

At Greenwich the fall of rain in April was i '3 in., being o*4in. below its average ; in May 
was 1*1 in., being i -o in. below its average ; and in June was !• i in., being 0*9 in. below it> 
average. The total fall in the quarter was 3*5 in., being 2*3 in. below the average. The number 
of days on which rain fell in the quarter was 24. 

Thunderstorms occurred^ on 7 days in April ; 2 days in May ; and on 6 days in June. 
Thunder was heard, on 8 days in April ; 4 days in May ; and on 9 days in June. 
Lightning was secn^ but thunder was not heard, on 6 days in April ; and on 5 days in June. 
Solar halos were seen on 9 days in April ; 8 days in May ; and on 13 days in June. 
Lunar halos were seen on 5 nights in April ; 3 nights in May ; and on i night in June. 
Aurora boreales were seen on 4 days in April ; and on 2 days in June. 
Hail fell on 10 days in April ; 5 days in May ; and on 3 days in June. Fog on 28 days. 

The average duration of the different direclioxva of the wind referred to eight points of the 
compass, and the duration pf each dircctioxi in eaclk monWi m \Xvq c^\x»x\.^T)^<iXft «a foUows :— 



On tie Wtatktr during the Quarter ending June 30th, iSjC. 
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The earliest, April 5tb, at Stralhfield. 
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The latest, May 1 ith, at Milltonn. 

„ April 24th. at Oxford. 

„ „ zjth, at Milltown. 

„ May 14th, at Milltown. 

„ „ 7t1i, at Milltown. 
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18 On Me Weather during the Quarter ending September soth, 1876. 

i860, 1862, 1865, and 1866, in which the temperature was not so high as So'^; and the instaooes 
in which it was ahout 00°, or higher, are as follows: — 

o o 

July 1843 it was 89*8 An^st 1842 it was 90*5 

1846 ,t 92*0 

1847 » 87-3 

1856 „ 89 -8 

1857 „ 88-0 

1859 w 9i'3 
1861 „ 89-3 

1864 „ 88*6 

1867 „ 89*0 

1868 „ 90-5 

1869 „ 89-0 
1871 „ 89*2 

. . 1873 „ 87-3 

Showing that the days of extreme high temperature about London have been more numerous than 
usual, and from the preceding table it would seem to haye been general. The few days following 
July 22nd were of moderate temperature, and but little rain felL Scarcely any rain fell in August 
till after the middle of the month, and the ayerage excess of mean temperature for the 53 days 
«ndmg August 22nd was 4°^ daily. A complete change of weather set in on August 23rd, and 
rain fell yery continuously. The temperature was low till September 17th, the ayerage^ daily 
deficiency being 3°^ ; from September i8th to the end of the quarter it was warm, there being an 
ayerage excess of daily temperature amounting to 2°^, but rain fell almost on eyery day and the 
weather was bad. 

TTie readings of the barometer at 160 feet aboye the leyel of the sea, in the yicinity of London, 
were alternately aboye and below their respective ayerages, from the ist to the 8th of July ;' they 
were above their averages from the 9th to the end of the month, with the exception of three 
days, viz., 23rd, 28th, and 31st, which were 0*03 in., 0*25 in., and 0*22 in. respectively b^w 
their averages. The greatest departure in excess of the average was 0*42 in. on the 12th, and 
the greatest in defect was o* 25 in. on the 28th. From the ist to the 13th of August the readings 
of the barometer were above their average values, with the exception of the 3rd, which was 0*30 in. 
below ; the readings were alternately above and below their averages from the 14th to the 18th; 
and from the 19th to the end of the month the readings were all below their averages, that for 
tibe last day being 0*87 in. in defect. During the first 18 days of September the readings of the 
barometer were all below their average values, to the mean amount of 0*30 in. ; they were 
above from the 19th to the 22nd, to the mean amount of 0*23 in., and from the 23rd to the end 
of the month the readings were again below their averages, to the mean amount of 0*26 in. 
The mean reading for the month was 29*620 ins., being 0*187 in. below the average. In the 
preceding 35 years there are only 2 instances of so low a barometer reading for the month of 
September as in the present year, viz. : — 

In 1841 the mean reading was 29*624 ins., and in i860 was 29*575 ins. 

At Greenwich the mean temperature of the air for July was 7*^*4 above that of June ; that of 
August was 2^*2 below that of July; and that of September was 7^*9 below that of August. 
(From the preceding 35 years' observations the mean temperature of July above that of June is 
3''*2; that of August below that of July is o°*7 ; and that of September below that of Angnst 
i» 4**- 1.) 

7%« mean temperature of the air for July above that of June ; South of latitude 52^ was 
6®*7 ; and North of 51** was 5^*4 ; that of August below that of July over the whole country was 
I'^'S ; and that of September below that of August, over the whole country was 6^*2. 

The mean temperature of the air for July was 65®* 9, being 4** '3 and 3® '8 above the averages 
of the preceding 105 years, and 35 years respectively ; it was higher than any previous vahie 
back to 1 841, with the exception of the year 1859 ^"ich was 68^*1, and the year 1868 which 
waa 67°* 5. 

The mean temperature of the air for August was 63°* 7, being 2°* 9 and 2® -3 above the 
averages of the preceding 105 years, and 35 years respectively ; it was 3® '4 and o***7 above the 
Talnes in 1874 and 1875 respectivelf. 

The mean temperature of the air for September was 55®* 8, being o°*8 and 1*5 below the averages 
of the preceding 105 years, and 35 years respectively; it was 2***i and 4° '2 below the values in 
1874 and 1875 respectively, but i°* i above that in 1873. 

The mean temperature of the air for the quarter was 6i®* 8, being 2°'i and i®'5 above the 
averages of the preceding 105 years, and $^ years respectively. 

The mean high day temperatures of the air were 5^-7 and 3^*8 above their respective averages in 
July and August ; but 2®*o below in September. 

The mean low night temperatures of the air were 2®*o and o®'3 above their respective 
averages in July and August; but o®*6 below in September. 

Therefore the days and nights in July and Aug^t were warm, but somewhat cold in September. 

The mean daily ranges of temperature were 3^*7 and 3^*6 greater than their respective averages 
in July and August ; but 1^*4 less in September. 

At Greenwich the increase of atmospheric pressure from June to July was 0*086 in., the 

decrease from July to August was o* 134 in., and the decrease from August to September was 

0*148 in. Over the whole country the mean increase from. June to July was 0*102 in. south of 

latitude 51® ; between latitudes 51^ and 52° was 0*087 ^^' » between 53 and 54° was 0*073 in.; 

between 54° and 55** was 0*063 in. and north of 55** was 0*058 in. The decrease of pressure from 

Jaljr to August was very nearly the same everywhere ; its mean from all stations was o* 1 28 in. ; 

and the decrease from August to September was neaxly of the same value south of 55% viz., 

o'i6o in.} and north of the parallel it was o* 129 m. 



Oh lAt WealhtT during the Quarter ettding Septeinber $oth, i8j6. 19 

At Ore^urich lAe fall of rain in July was o- 7 in., being 1-9 in. below ila arentge i in Auguat 
was i'oin.,b«ingo-4 in. below iwnverape; luid in September was i'6 in, being o-i io. above 
its BTcra^. The total fall in the qvinrter was 5-3 in., being i-j in. below the aterago. The 
following are the only inatnuccs back to 1815, when the fail of rain in the ,) months ending 
September 3oCh, was no small as that in the present jear, rii.; — igij it was 4-S in.; 1818 it wa« 
S-i iu.[ 1S31 it was 4-s in.; 1833 it wxs s'sia.; 1847 itwas4'3in.; i8s4ilw»a S'jin.j 
1861 it was 4' 1 in. ; 1864 il waa 4- 5 in. ; 1868 it was j-i in.; and 1869 it was4'<)in. 

Ho average duration of the diffi»reni directioni of the wind referred to eight points of the 
s, and the dntation of each direction in each month in the quarter, were ai follows : — 
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Hie «gn + denotes excesses over averages ; in the month of Jnly the largest nnmber with 
tlds ngn 18 opposite to W., in August to E., and in Seplcinber to N.W. 

The sign — denotes defects below averages ; in July the largest number widi tbit t\ga is 
opposite to S.W. ) in August to E., but the number is amall ; and in September to N.E. 
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TAiMcfCT-itom* Bcmrrtd or Thunder teas heard and Llghlniaa iren in July On the 8th, nt Somer- 
leytoQ, Norwich, and Halifax ; on the i6th in the valley of the Trent, al lioss and Hereford; on 
the iiud at many places in the Midland Counties ; on the 13rd at many places iietu-cen lutitndea 
ci" and ss°; on this day there wa? a very destructive storm north of London, Bcoompanied with 
bige hailstones, and the damage doae nas very great ; at Tottenliam Eome houses, and many 
coiwervalories had nearly every pane of glass broken, on the side facing the storm, and trees were 
nearly stripped of leaves ; on the 2Bth and 31SI storms oecarred at different places widely separated. 
In Angus!, on the ist at Hoik ham, Halifax, and Hull ; ou the iftb, i6tb, 17th, iSih, igih, and 
loth, at stations south of latitude ji° ; at Bristol, on the 19th, during a heav^ thunderstonn, rain 
fen to the depth of 3-57 in.; on the i4ih, a6th, 30ih, and 31st, at stations mostly north ot 
iatilnde 52°, but none of these Etorms wtro very heavy. In September, on the grd, 41b, jth, 6tb, 
7th, 8th, and 9th, at stations mo^^tly south of London ; ou the 1 clh at Bamsgale i on tlie 1 7th and 
i8th at Loudon and stations north 1 on the 2iod, 13rd, and 14th, at stations north of 51°; on the 
aBtli M Boyrton, and igth at Helston. 
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METEOROLOGY OF ENGLAND, 

DURING THE QUARTER ENDING DECEMBER 31, 1B76. 

Beicabks or the Wratheb DnRiMo THE Qdarteb erdinq December 3 isr, iS;(5. 
By June* Glusheb, Eaa, F.R.S., jv. 
Till the lolh of October the wealher wa« warm with frequent rain, the arcrage ezcesi of mran 
temperature was 5^° daily : trotn October list to November nth, it wax mostly cold, with bat 
fittlerain, the avetage deficiency of temperature waa jl° daily, and from Morembcr ijth to the 
end of the year, with the eicepCioD of the six dayH December 11 at to December i6tb, the weather 
W warm, and at limes very warm, with very frequenl caio ; the average daily eicest of tempera- 
tore lor the jtS dayi ending December loCh was 4^° ; the average deficiency for the aiz days 
eodilig December 16th was 3^° daily, and the average eiixss for the last five dsyi of the year 

The most remarkable pheoomesa in this quarter were, the very imalt atmospheric prearare, 
Ibe high temperature, and the eitraonlinary falls of min in the month of December. 

At the height of i6a feet above the level of the sea, Che mean reading of the barometer iu 
December was ig'.^ii in., and back to 1841 there is no instance in uny month of ao low a 
reading, the least mean monthly alitlOHpheric pressures previously eiperieneed *ere 19' 379 in. and 
19*413 in. both in December, in thp years 1BC8 and 187J respective!)". 

The mean lemperalia-e of the air in December was 44°i, and back to 1771 there have only 
been nine Decembers in which the tempemturc has been so high. 

The full of rain in December was exceedingly anoDislous. at about London and its neighbour- 
hood it amounted to nearly 6 in., and back to 1815 there has been no instance of so great a foil 
in December ; the previous insuiiices of monthly fulls eqiiatliiig this amount nearly, were 7*0 in. 
in July 1H18 1 6'o in. in October iS4[ ; 6'o in. in November iSji : j'8 in. in June iS6o ; and 
5-8 ia July 1867. 

The &11 of tain was large ever} where, rain fell on every day in December, bnt od the loth to 
only a small amount and at a few placea, on the 8th, 9th, nth, iith, 13th, i4lh, ijth, and iind 
it fell to (he amoaut of O'l in. or 0-3 in., hnt wna not quite general; on every Olher day rain 
was general, and exceeded half an inch in amount at one- or more places, and on 11 days the 
amount was one inch or more at at least one station. The following Table showa the foil of rain 
OD those 1 1 days at the several stations : — 

Fall or R\m at the different ETATIo^g on Twelve selected days. 
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